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Southeast British Columbia is part of a larger landscape known as the Crown of the 
Continent Ecosystem. It is a region distinguished for low human presence and the 
diversity and abundance of large carnivore species that inhabit the landscape. The large 
carnivores are transboundary in nature and are a source of dispersing individuals to 
declining populations in southwest Alberta and the United States.
Southeast British Columbia also contains the East Kootenay Coalfields. Based on the 
coal characteristics, the East Kootenay Coalfields have been targeted for commercial 
production of coalbed methane. The terrestrial and aquatic disturbance to the landscape 
resulting from coalbed methane production was evaluated using disturbance values from 
producing coalbed methane basins in the United States. Information on disturbance was 
compiled from the Black Warrior Basin, the San Juan Basin, and the Powder River Basin. 
These basins are similar in coal geology to the coal deposits of the East Kootenay 
Coalfields.
Three methods were used to analyze the potential terrestrial disturbance resulting from
2,000 and 10,000 producing coalbed methane wells in southeast British Columbia. The 
first method calculated total disturbance according to direct disturbance (1.62 hectares/ 
well) and indirect disturbance (0.8 km and 3.2 km perimeter). Estimates were calculated 
for well densities of 1 well/65 ha and 1 well/11 ha. The second method calculated the 
potential linear disturbance resulting from the roads required to produee coalbed 
methane. Road densities are based on 0.48 km of road per producing well. The final 
method was based on grizzly bear displacement from habitat within 100 and 250 meters 
of roads. The potential disturbance to the Elk and Flathead Rivers from the discharge of 
coalbed methane wastewater was also discussed.
Load densities resulting from 2,000 and 10,000 coalbed methane wells range from 1.2 
km roads/1 km^to 6 km roads/1 km^, up to six times the threshold of grizzly bears. The 
disturbance estimates also indicate that commercial production of coalbed methane in the 
East Kootenay Coalfields will displace large carnivores from the total area encompassed 
by the well field with further implications for the long-term viability of transboundary 
carnivore populations.
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INTRODUCTION
Natural gas consumption is increasing in both the United States and Canada and 
with it pressure to develop known sources of fossil fuels. The problem of energy supply 
has been further affected by recent developments internationally that have challenged our 
dependence on foreign sources of fuel. Now, more than ever, there is unprecedented 
pressure to increase our energy independence in North America. In response, the current 
administrations of both the U.S. and Canada have issued governmental directives to 
expedite permitting and production of known oil and gas reserves, with the objective of 
increasing energy self-sufficiency. The strategy for accelerated production is evidenced 
in the National Energy Policy proposed by the current U.S. administration and in recent 
negotiations for energy security between Mexico, Canada and the United States.
In this political atmosphere, the adolescent coalbed methane (CBM) industry has 
emerged. Proponents advocate commercial production of the methane gas in coal because 
of its purity, clean-burning qualities and low cost of drilling. The purity of methane, 
however, applies to the utility of the gas once it has been extracted and transported to the 
energy market. The exploration and production process entail more disturbance to the 
landscape than conventional oil and gas, due to the inherent production of large quantities 
of wastewater, and the density and magnitude of infrastructure required to successfully 
produce coalbed methane. Despite the uncertainty inherent in an emergent industry, 
coalbed methane is a key part of the current strategy for energy independence in the 
United States and Canada, and both countries are devoting substantial resources to 
expanding the industry.
One of the primary regions of focus for coalbed methane potential is the Rocky 
Mountains. They are distinguished for their unique geology, and exploration in many
areas throughout the Rockies has identified and commercially produced oil, gas and coal. 
The area of interest to this paper lies within the Rocky Mountains in southeastern British 
Columbia, just north of the international border, and is known as the East Kootenay 
region. The East Kootenay is underlain by coal deposits, which together comprise three 
distinct coalfields encompassed by the Elk and Flathead River valleys. Encouraged by the 
rapid expansion of the coalbed methane industry in the U.S., the British Columbia 
Provincial government has recently targeted the East Kootenay for coalbed methane 
production, with the objective of increasing domestic energy production.
In this time of insecure energy supply, we are faced with another problem of 
scarcity, the extirpation of large carnivores and the landscapes they occupy. One of these 
landscapes is defined by the rugged peaks of the Rocky Mountains between the United 
States and Canada and includes the East Kootenay region, in addition to a much larger 
landscape, known as the Crown of the Continent Ecosystem, or Transboundary 
Bioregion. The Crown of the Continent Ecosystem is internationally recognized as a 
series of contiguous, intact landscapes that extend along the spine of the Rockies from 
central Montana to Elk Lakes Provincial Park in Canada. It is distinguished for the size 
and relative continuity of the landscape, and for the diversity of species that inhabit the 
region.
Southeast British Columbia completes the northwest corner of the Crown of the 
Continent Ecosystem. It contains the headwaters of two significant watersheds, the Elk 
and Flathead rivers, and is home to a remarkable assemblage of large carnivores that 
range over a landscape divided into two countries and two provinces. Management of 
these populations is governed by different political administrations and conflicting
regimes, yet the wildlife that inhabit the region utilize the entire ecosystem. Their 
movements are dictated by the search for quality habitat, regardless of the political 
boundaries that fragment the landscape.
With the rising pressure to exploit known sources of fossil fuels, the unique 
region of the East Kootenay has been targeted for potential production of coalbed 
methane. The intent of this paper is to utilize information regarding coalbed methane 
(CBM) production in the United States to identify the potential level of disturbance to 
southeast British Columbia and the Crown of the Continent Ecosystem. The coalfields 
are delineated into three distinct regions and the potential disturbance from CBM 
development is estimated for each and in total. In addition, the road densities resulting 
from full-field coalbed methane development are estimated. These numbers are then 
discussed with respect to the long-term persistence of transboundary large carnivore 
populations.
GROUNDS FOR COMPARISON
Proposals for coalbed methane development in SE British Columbia are modeled
after productive CBM projects in the United States, and estimates for the East Kootenay 
were determined using content and production models from the same CBM basins. 
Although none of the major coalbed methane fields in the United States are located in an 
area that retains the ecological integrity of southeastern British Columbia, they are 
similar with respect to coal geology, which determine the viability of coalbed methane 
production. Three producing CBM basins in the U.S. are analyzed in this paper. Together 
they encompass the geological characteristics of the East Kootenay, and are comparable 
with respect to geological structure, hydrology and coal rank (Johnson and Smith, 1991).
In addition, there are elements of coalbed methane production that are inherent to
the production process and are consistent in every CBM operation, such as the 
infrastructure required to drill for and commercially produce methane. These elements 
have less to do with small-scale impacts, such as impacts to specific species, and more to 
do with the large-scale landscape disturbance that accompanies full-field coalbed 
methane development. These include the area disturbed for a producing well, linear 
disturbance (roads and pipelines) and the indirect disturbance resulting from human 
industrial activity.
In this paper, disturbance is defined as the actual vegetation destroyed due to the 
installment of infrastructure on the landscape and the additional wildlife displacement 
area around a producing well. Values for the area disturbed from coalbed methane 
development were compiled from numerous Environmental Impact Statements and 
Assessments (EIS’s and EA’s) for the CBM basins of the United States. From these 
documents, a minimum value of disturbance for each element of infrastructure was 
obtained, such as the disturbance per well pad, access road, compressor station, etc. 
These values were then multiplied by 2,000 and 10,000 wells, which is the minimum 
number of wells required to achieve economically feasible production. The final values 
for disturbance were obtained by dividing the disturbance resulting from 2,000 and
10,000 wells by the total area overlain by coal. This yielded a value for the percentage of 
the total area disturbed.
Because coalbed methane development in the East Kootenay region is in the 
exploratory stages the disturbance values presented here are hypothetical. The 
implications of coalbed methane production in southeast British Columbia will only be 
verified after commercial production takes place. This is particularly true for the coalbed
methane industry because there is limited information regarding the long-term 
environmental impacts of the industry. Despite the fact that the disturbance values in this 
paper are speculative, they are based on known disturbance in the producing basins of the 
United States.
In addition, the estimates in this paper are conservative. In averaging the 
disturbance values from the CBM basins in the U.S., the minimum value was selected for 
analysis in this paper. For example, the total area disturbed by a well pad ranges from 4.0 
to 8.0 acres and for this paper, the minimum value of 4.0 acres was employed for all 
calculations. The road lengths are also conservative. The East Kootenay Coalfields are 
located in a steep, mountainous region and the higher elevation areas are not easily 
accessed. The slope of the terrain in the alpine and subalpine regions will require a road 
length that is two to three times that of the value employed in this paper (0.6-0.9 miles 
versus 0.3 miles of roads, respectively). Construction of wells in steeper terrain would 
result in road densities and associated disturbance that is two to three times greater than 
those presented in this paper.
The complex terrain of the East Kootenay Coalfields also provides incentive for 
industry to concentrate wells in the riparian valleys. Preliminary reports on test wells in 
southeast B.C. suggest that the highest production rates occur in wells that are drilled 
along the Elk and Flathead Rivers. This is due to the influence of the water table. The 
disturbance values in this paper are based on the total area overlain by coal, including the 
alpine areas. This results in a lower percentage of the total landscape disturbed. The 
concentration of infrastructure in the valleys will result in a greater total disturbance to a 
smaller total area, and thus, the disturbance values in this paper are underestimates.
The methodology used to evaluate terrestrial disturbance is of the type used to 
estimate the future impacts of a new industrial development in a previously undeveloped 
ecosystem. In the U.S., Environmental impact assessments require some simplifications 
to draw comparisons and disclose the potential disturbance. For example, the 
methodology used in this paper is adapted from the impact assessment used by the 
Montana Department of Environmental Quality to evaluate the potential impacts of 
coalbed methane development in the Powder River Basin. Specifically, the same values 
are used here as are presented in the Montana DEQ document for predicting wildlife 
displacement from the area around a producing coalbed methane well field. Thus this 
paper uses an accepted analysis method for projecting the potential impacts of coalbed 
methane development on wildlife.
In summary, this paper takes a preliminary look at the disturbance to the 
landscape that results from coalbed methane development. It provides a broad source of 
information on an emergent industry for which comprehensive research on long-term 
impacts is not yet available. The disturbance estimates are conservative and provide a 
precursory estimate of the minimum impacts of coalbed methane development in the East 
Kootenay. This paper is intended as a precautionary document that considers the 
consequences of energy development in a region of unique ecological diversity. It 
attempts to determine whether the development of the East Kootenay coalfields for gas 
supply would be at the expense of the persistence of Canada and the United States’ 
transboundary carnivore populations.
Chapter 1.
The Ecological Significance of Southeast British Columbia: A Critical Piece 
of the Crown of the Continent Ecosystem
INTRODUCTION
Rapid growth of the coalbed methane industry in the U.S., accompanied by an 
upward trend in natural gas prices have prompted exploration for methane in British 
Columbia. The Geological Survey of Canada has identified seventeen coal regions in 
British Columbia for potential production of coalbed methane (Dawson, 1995). Of these 
seventeen, the East Kootenay coalfields are ranked number one for theoretical gas 
capacity and are therefore the primary focus of CBM exploration in the province 
(Dawson, 1995, Monahan, 2000). The targeted coal deposits in the East Kootenay lie 
beneath the Elk and Flathead River valleys. According to the British Columbia Ministry 
of Energy and Mines, “The Elk Valley area near Sparwood was the most active coalbed 
methane exploration area in the year 2000”(2001, pg 3). For the purposes of this paper, 
the area will be defined according to two criteria: first, in terms of ecological 
significance, and second with regards to coalbed methane resource potential.
LOCATION
The East Kootenay Coalfields are tucked in the southeast corner of British 
Columbia, and therefore share both a provincial and international border. They complete 
the northwest corner of the Crown of the Continent Ecosystem (Figure 1-1 and Figure 1- 
2), and the geography of the region is defined by the Elk and Flathead watersheds. The 
Elk River Valley is the northern boundary of the East Kootenay, bordered by Elk Lakes 
Provincial Park, which contains the headwaters of the Elk River. The East Kootenay is 
bordered on the east by the Continental Divide and the Castle Region of Alberta, which
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extends south to the boundary of Waterton Lakes Provincial Park and into Glacier 
National Park in the United States. To the south, the East Kootenay is bordered by the 
Akimina-Kishinina Provincial Park of B.C., and the Montana portion of the Flathead
Valley. All of these adjacent regions are connected by shared ecological resources, 
including transboundary wildlife populations, watersheds and the fisheries they support. 
TOPOGRAPHY
Southeast British Columbia is characterized by a series of north-south trending 
valleys enclosed by steep, rugged mountains. The southern portion of the East Kootenay 
is bounded on the east by the Clark/Livingstone Range, which runs along the Continental 
Divide separating B.C. from Alberta and reaches a height of 3,050 meters (10,065 feet). 
The Clark Range gives way to the Flathead, High Rock and Elk Ranges, which follow the 
Continental Divide north to Elk Lakes Provincial Park. To the west rises the slightly less 
dramatic McDonaldAVhitefish Range, which ranges from 2200-2900 meters (7,217-9,514 
feet). A series of ridges borders the Crowsnest Coalfield on the west and is bounded by 
Highway 3 (becomes Highway 43) and the Elk River. At the town of Elkford, the two- 
lane highway ends and the Elk River watershed continues northeast, bounded on the west 
by the Wisukitak and Greenhills Range.
All of the mountains of the East Kootenay are part of the continuous Rocky 
Mountain system, defined by rugged alpine peaks carved out in recent geologic time by 
successive glaciation events (Flathead Transboundary Network (FTN), 2000). The high 
elevation alpine areas contain steep cirques and avalanche chutes, which contrast sharply 
to the rolling topography of the riparian valleys below. The Elk and the Flathead Rivers 
shape the intermontaine valleys of the East Kootenay. The valleys range from 1,000 to 
1,400 meters (3,300-4,620 feet), and tend to rise in elevation to the north (Weaver, 2001). 
Hundreds of mountain tributaries radiate outward on both the east and west sides of the 
river valleys.
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CLIMATE
The structurally complex topography of the region influences the climate of 
southeast British Columbia. The contrast between the low, rich valleys and the rugged 
high peaks creates a unique assemblage of varying microclimates that support the 
distinctive biological diversity of the region. Given the diverse topography of the region, 
it is difficult to generalize about the region’s climate, which varies by season and annual 
precipitation.
The East Kootenay is a transition zone between continental and pacific maritime 
climates The weather is influenced by the moist Pacific system from the west, which 
converges with colder and drier Arctic system moving down from the north (Weaver, 
2001). The region is characterized by short, moist summers and long, cold winters with 
heavy snowfall. The average July temperature is 16°C (74°F) with summer highs around 
30°C (86°F). The growing season is approximately seventy days in the valleys and 
significantly shorter at higher elevations. The average January temperature is -9°C/15.8°F 
with lows are around -20°C/-4°F (Singleton, 1995, Weaver, 2001). Annual precipitation 
ranges from 17-45 centimeters (6.8-18 inches), with an annual snowfall of over 180 
centimeters (72 inches) (Weaver, 2001). The East Kootenay landscape includes a 
diversity of biogeoclimatic zones as classified by the British Columbia Ministry of 
Forests, including Alpine Tundra, Englemann Spruce-Subalpine Fir, Ponderosa Pine and 
Interior Cedar Hemlock (1991).
THE FLATHEAD RIVER
Also known as the Transboundary Flathead, the Flathead River has been
described as the heart of the entire Rocky Mountains (Weaver, 2001). The river 
originates approximately 47 km (31 mi) north of the international border in the
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Crowsnest Coalfield of the East Kootenay region (Figure 1-3). It flows south from British 
Columbia into Montana, where it is referred to as the North Fork of the Flathead. The 
watershed covers a total of 4,134 km  ̂(1,596 mi )̂. The British Columbia portion is 1,570 
km  ̂ (628 mi^) (Weaver, 2001). The river is fed by spring run-off of melting snow and ice 
and from seasonal precipitation (FTN, 2000).
The water of the Flathead is cold year round, with limited seasonal variations in 
temperature. Temperatures range between 0-15°C (32-59°F), reaching seasonal highs in 
July and August. It is the cold temperatures that enable both the bull trout (Salvelirms 
cofifluefitiis) and westslope cutthroat (Oncorhyncus clarki lewisi) to live and spawn 
successfully in the Transboundary Flathead.
The Flathead River is renowned for its clear, glacially-fed waters. It is one of the 
cleanest rivers remaining in North America with low nutrient and metal concentrations 
(MWA, FTN). Calcium and bicarbonate are the dominant ions and the concentration of 
total dissolved solids (TDS) is relatively low, ranging from 100-200 mg/L (FTN, 2000). 
The flows are highest from April to June, with peak flows of 15,000-20,000 cfs each 
year.
ECOLOGICAL SIGNIFICANCE OF THE FLATHEAD VALLEY
The Flathead River is the ecological core of the Flathead Valley. It truly is a
transboundary watershed, functioning as a physical link between the United States and 
Canada. The pristine condition of the river contributes to a diversity and abundance of 
food resources, which in turn support a diverse predator-prey system. The Flathead River 
originates in the high elevations of the Macdonald Range in the Elk Valley, southeast of 
Fernie, British Columbia. The headwaters are within 5 kilometers (3.1 mi) of the 
Crowsnest coalfield, which has the largest coal deposits and largest coalbed methane
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resource estimate in the East Kootenay. Gulf Canada, Saskoil-Femie and Mobile 
Chevron have recently drilled coalbed methane test wells within 7 kilometers (4.3 mi) of 
the headwaters of the Flathead.
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The Flathead is unique because it has the lowest human population and associated 
developments of any drainage in southern Canada. As a result, the wildlife of the region 
have access to rich food and habitat in the valley bottoms that would otherwise be 
unavailable or reduced in quality due to human settlement (Weaver, 2001), In recognition 
of its unique ecological value, the Flathead River has been federally protected in the 
United States as a Wild and Scenic River. It is governed under the Boundary Waters 
Treaty of 1909, which regulates international waters. The diverse wildlife that inhabit the 
Flathead are discussed later on in this chapter.
THE ELK RIVER VALLEY
The Elk River Valley contains both the Crowsnest and Elk Valley Coalfields. It is
less studied than the Flathead, but also encompasses a wide diversity of ecosystems, 
particularly riparian valleys, paired with areas of low human presence. The Elk River 
originates in the upper and lower Elk Lakes in Elk Lakes Provincial Park and flows 
south, southwest to Lake Koocanusa (Figure 1-4). There are five open pit coal mines in 
the Elk River Valley, the largest of which are the Fording Ltd and Greenhills mine.
Recent coalbed methane test wells have been drilled in close proximity to both of these 
mines.
The Elk River Valley completes the northern part of the Rocky Mountain travel 
corridor. The area is a stronghold for grizzly bears {Ursus arctos), with densities of 
greater than 50 bears per square kilometer (Mowat and Strobeck, 2000). According to 
Weaver (2001, pg 39), “The Elk River area in British Columbia, (particularly the western 
and northern sections) provides important habitat security for carnivores and likely serves 
as a crucial link in maintaining connectivity throughout the Rocky Mountains”
14
Figure 1-4 
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BULL TROUT
The bull trout {Salvelimis confliientus) is emphasized in this paper because it is 
recognized in both the United States and Canada as a species that is declining in both 
numbers and distribution. The bull trout has a narrow ecological niche and low tolerance 
for environmental change. They are distinguished for their dependence on cold, clean 
watersheds, such as the Flathead and Elk Rivers. As a result of its environmental 
sensitivity, the bull trout is federally listed in the United States under the Endangered 
Species Act and 'blue-listed' in British Columbia. Finally, the bull trout population of 
the Flathead River is a transboundary population whose survival depends on access to 
suitable habitat in both British Columbia and Montana.
The life history of the bull trout is characterized by several complex 
developmental stages that correspond to migratory movements throughout the Flathead 
River on both sides of the international border. Spawning is influenced by water 
temperature and streamflow and successful embryo development is determined by 
temperature (2-4°C), water quality and the distribution of sediments. Successful juvenile 
development is limited to temperatures below 15°C (McPhail and Baxter, 1996). These 
explicit thresholds make the bull trout vulnerable to small-scale changes in the Flathead 
River, such as increases in temperature, salinity and sediment load (MDFWP, 1990). The 
transboundary Flathead is important habitat for the long-term survival of bull trout 
populations in the United States.
LARGE CARNIVORE POPULATIONS: A TRANSBOUNDARY LINKAGE ZONE TO SOURCE 
POPULATIONS
Southeastern British Columbia contains the highest density and diversity of large 
carnivores in the southern interior of British Columbia (Weaver, 2001). The species 
present in the East Kootenay include grizzly bear {Ursus arctos), Canada Lynx {Lynx
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canadensis), wolves {Cants lupus), wolverines {Gulo gulo), black bears {Ursus 
americanus), and mountain lions {Felis concolor). In addition to large carnivore 
diversity, the East Kootenay is distinguished for all of the wildlife it contains, including 
nearly all of the large mammal species found in North America (Weaver, 2001). The 
success of the large carnivore populations is intricately tied to the presence and 
abundance of prey species. Ungulates of the region include, mountain goats {Oreamnos 
americanus), bighorn sheep {Ovis canadensis), elk {Cervus elphus), mule deer 
{Odocoileus hemionus), white-tailed deer {Odocoileus virginianus) and moose {Alces 
alces).
SOURCE/SINK POPULATION DYNAMICS
Researchers often refer to wildlife populations in terms of source and sink
dynamics. A source population is generally defined as a population where the birth rate 
exceeds the death rate, resulting in an increasing population. A sink population is one 
where the incidence of mortality exceeds the birth rate, resulting in a decreasing 
population (Meffe and Carroll, 1994). Source populations are vital to the long-term 
persistence of individual species because they function to provide dispersing individuals 
to sink populations, preventing genetic bottlenecks, isolation and eventual extinction.
Through years of research, scientists have established that the Flathead Valley of 
southeast British Columbia is a source population of large carnivores, particularly of 
wolves and grizzly bears (McLellan, 1988, Weaver, 2001). Studies on the large carnivore 
species of the region have shown that the populations of grizzly bears, wolves, Canada 
lynx, black bears and mountain lions are all increasing in the Flathead valley. In addition, 
individuals of these species have been tracked across the Continental Divide into the 
Castle region of southwest Alberta and south across the international border into Glacier
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National Park and the North Fork of the Flathead in Montana (Weaver, 2001, Singleton, 
1995, McLellan, 1988). Given that the home ranges of these large carnivores encompass 
a vast area that crosses both a provincial and international border, these populations are 
often referred to as transboundary populations.
The movement of dispersing individuals from the East Kootenay into adjacent 
areas is particularly important because of the relative instability of large carnivore 
populations in southwest Alberta and Montana. With respect to grizzly bears, southwest 
Alberta has been referred to as a population sink due to the cumulative impacts of habitat 
loss and human-caused mortality (Asarian, 1998, Horesji, 1989). Other large carnivore 
species are negatively affected by habitat loss to oil and gas development, timber harvest 
and human settlement. In Montana, several of the large carnivore species of southeast 
B.C. are federally listed as endangered or threatened, in recognition of declining 
populations, also due to habitat loss and high mortality.
The instability of large predator populations in the Rocky Mountains is a primary 
factor distinguishing the Crown of the Continent Ecosystem because it is believed that 
the most important habitat for the long-term viability of carnivore populations in the U.S. 
occurs in Canada, and the richest habitat occurs in southeast British Columbia (Horesji, 
1995, Weaver, 2001). According to Mowat and Ramcharita, “By virtue of its geographic 
location, the Kootenay Region serves as a population source for smaller populations in 
Alberta and the lower forty-eight states of the U.S.” (1999, pg 1).
The function of the East Kootenay as a source population is dependent upon intact 
access to surrounding areas. The ability of individuals to disperse successfully determines 
whether surrounding populations will be augmented by individuals from southeast British
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Columbia. The same factors that enable southeast British Columbia to serve as a source 
population, contribute to its function as a linkage zone to southwest Alberta and 
Montana. These include the low human settlement and industry in the region and the 
relatively intact riparian valleys that are natural travel corridors for large carnivores and 
the prey species they depend on. Recent studies delineate the Flathead valley as the single 
most important movement corridor between the Canadian and U.S. Rockies, and the Elk 
River Valley completes the northern end of the corridor (FTN, 2000 and Weaver, 2001). 
According to Rob Watt, Senior Park Warden for WLNP, “The Flathead is a net exporter 
of wolves and grizzly bears. It is a critical movement corridor, critical bear habitat, and 
the wolf and bear production factory for this area, because there is virtually no human 
impact there” (personal communication, 2001).
In summary, the East Kootenay region of B.C. has several critical functions that 
interact dynamically to distinguish the region ecologically. It is home to a diversity and 
density of large carnivores that disperse to augment surrounding populations. Both the 
carnivore populations and bull trout of the Flathead are transboundary in nature, and 
individuals of these populations regularly cross both the international and provincial 
border. Finally, successful dispersal of individuals from the East Kootenay, via intact 
linkage zones, is vital to the long-term persistence of declining large carnivore 
populations in the United States.
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Chapter 2. 
Introduction to Coalbed Methane
COALBED METHANE: COALIFICATION
Coalbed methane is a form of natural gas found within coal deposits. It is referred 
to as an unconventional source of gas because it is derived from coal seams, in contrast to 
conventional oil and gas reserves. The methane is a by-product of coalification, the 
process by which organic plant material is transformed over time into raw fossil fuels 
(USGS, 2000). A combination of pressure, temperature and continuous burial episodes 
determine the degree of coalification and subsequently, the quality, or rank, of the 
produced coal and methane. Both coal and coalbed methane are created during 
coalification, thus, wherever there are coal deposits, there is the potential for coalbed 
methane production.
There are three ways methane can exist in the coal seam (Rightmire, 1984). The 
most common occurrence is adsorption whereby the methane molecules are bound to the 
surface of the coal molecules. The second source is methane gas that is dissolved in 
ground water, and the third is as free, unbound gas molecules within fractures throughout 
or adjacent to the coal seam. Current coalbed methane production in the United States 
attempts to harvest all three sources.
Historical knowledge of the methane gas present in coal deposits came from the 
risk to coal miners. The methane was considered a nuisance and the cost of production far 
outweighed the economic benefits. The volume of methane that a coal deposit can store, 
however, has stimulated interest in commercial production of coalbed methane. Gas 
storage potential of a coal deposit is a function of the internal surface volume of the 
deposit, and coal can store six to seven times more methane than that of conventional
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natural gas reservoirs of equal volume (USGS, 2000). Discoveries regarding potential 
resource quantities and recent developments in extraction technologies, paired with 
increasing gas prices have resulted in renewed interest in the potential of coalbed 
methane as a major energy source.
DETERMINING THE COALBED METHANE POTENTIAL OF A COAL DEPOSIT
As with the conventional oil and gas, there is a high economic cost associated
with establishing successful coalbed methane production. This is due to the expense of 
exploratory infrastructure required to drill a test well, with the risk of no economic return. 
Because of this, significant resources are devoted to estimating the production potential 
of a deposit prior to drilling a well.
Several factors are considered in estimating coalbed methane potential, including 
the amount of coal (tonnage), the pressure of the deposit and the rank of the coal. It is 
assumed that the amount of methane present in any given coal formation is directly 
related to the total size of the deposit (Monahan, 2000).
COAL RANK
The rank of a coal deposit determines the storage capacity for methane. Coal 
quality is ranked on a gradient that includes four types from lowest to highest: lignite, 
subbituminous, bituminous, and anthracite. These types correspond nonlinearly to the 
depth of continuous burial, the length of exposure and degree of temperature during 
coalification. Bituminous coal has the optimal storage capacity for methane and is further 
delineated into high, medium and low-volatility coal (Rightmire, 1984). Of these, storage 
capacity is the highest for high and medium volatile bituminous, and thus, coal of this 
rank has been the primary target of coalbed methane production (Levine, 1993).
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PRODUCTION POTENTIAL
Although information on coal rank and estimated amount of coalbed methane
resource is important, these do not indicate the producibility of the methane. The most 
significant factor influencing production is the presence of cleats, or fracturing systems 
within deposits (Dawson et al, 2000). Cleats are permeable to methane, and therefore 
allow for the desorbed gas to flow through the layers to the surface. There is a positive 
correlation between extent of fracturing and methane producibility of a coal seam. Like 
the coal reservoir, cleats are often water saturated and must also be de-watered to allow 
for gas permeability (Monahan, 2000).
Other factors that influence production potential are the hydrostatic pressure and 
the depth of the coal seam. Hydrostatic pressure is the amount of pressure exerted by 
water within the coal seam and increased pressure is correlated with increased 
production. Regarding depth, coal that is more than 2000 meters (6,561 ft) deep is 
considered to have limited methane potential because it is uneconomical to extract. Coal 
that is too shallow is also uneconomical to extract. The range between 250 and 2000 
meters (820-6,561 ft) is the targeted depth for CBM production and is referred to as the 
‘economic depth range’ (Dawson, 1998).
EXTRACTION
Methane is bound to coal molecules as a result of the high pressure of the coal 
deposit, which is a function of billions of gallons of water that are also trapped within the 
coal deposit. In order to release the methane from the coal molecules, the water pressure 
(hydrostatic pressure) must be reduced within the coal deposit. This is achieved by 
pumping out the water and concurrently, desorbing (releasing) the methane from the coal 
deposit. This is known as the ‘de-watering' phase of coalbed methane extraction and is
22
essential to successful production of CBM. Once the methane is released, the gas 
naturally migrates to the surface, or well bore.
The necessity of de-watering is the primary factor distinguishing coalbed methane 
production from conventional oil and gas, and is a key source of environmental concern. 
In a typical CBM well, the initial de-watering stage lasts six months to two years before 
significant methane production begins (Montgomery, 1999). As the de-watering and 
desorption process continue, the volume of water pumped out gradually decreases over 
time and the amount of methane increases. The limit of maximum methane release is a 
function of several factors that vary according to each individual coal deposit, including 
coal seam thickness, depth, permeability, compressibility and gas saturation. The 
ecological implications of de-watering are discussed in Chapter Five.
INFRASTRUCTURE
There are three stages required to implement and sustain coalbed methane
production. These are exploration, construction, and operation. Each stage introduces 
infrastructure and is accompanied by the accumulation of impacts to the landscape. 
Infrastructure requires installment, operation and maintenance, which result in increased 
human presence in the industrial activity area.
The infrastructure required to complete each phase of development includes: 
access roads (two-track, bladed and graveled)
well site (well pad, down-hole submersible pump, water-gas separator, meter skid) 
utility lines (water and electric) 
methane transportation lines 
compressor stations (battery site, field and sales)
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COMPARISON TO CONVENTIONAL OIL AND GAS PRODUCTION
The infrastructure described above is similar to that required for oil and gas
production with the exception of the water-gas separator and water transportation lines 
leaving the well site. The hydrocarbon reserves of coal deposits are cleaner than 
conventional oil and gas, with an average of 90% hydrocarbons, versus 80% for the latter 
(BC MEM, 2001). The well life, on average, is longer for coalbed methane (10-40 years) 
than that of conventional (3-25 years). The largest disparity between the two 
hydrocarbon sources is wastewater production. Conventional oil and gas wells produce 
approximately 1/10 the volume of waters of CBM wells. In conventional wells, the water 
versus gas production trend is the opposite of that for CBM development, with gas 
production decreasing and water production increasing over time.
Coalbed methane wells produce less gas at a much lower rate than conventional 
wells. The slower production rates are a result of the presence of water and the reduced 
pressure of the coal deposit. One strategy for increasing gas production rates is to 
increase the number of wells on a given coal seam in order to more effectively pump 
water from the deposit. This results in closer well spacing than for conventional gas 
fields, and greater density of infrastructure and subsequent disturbance to the landscape. 
Production data comparing conventional and coalbed methane production in 1993 found 
that coalbed methane constituted 2% of the total gas production in the US and 13% of the 
water production, and that a unit volume of CBM produced 13.5 times the amount of 
water than produced for a unit volume of conventional gas (Lawrence, 1993).
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Chapter 3. 
The East Kootenay Coalfields of Southeast British Columbia
INTRODUCTION TO THE EAST KOOTENAY COALFIELDS
The coalfields of southeast British Columbia are collectively known as the East
Kootenay coalfields, which are comprised of three structurally distinct coal reservoirs; 
the Elk Valley, Crowsnest, and Flathead (listed from north to south). The total length of 
the coalfield is 175 km and extends along the Continental Divide and the Western Rocky 
Mountain Front from Elk Lakes Provincial Park south to the Montana-British Columbia 
border (Figure 3-1, 3-2) (Johnson and Smith, 1991).
The East Kootenay coalfield is named for the group of Jura-Cretaceous 
stratigraphie sediments that characterize the coal deposits known as the Kootenay Group 
(Johnson and Smith, 1991). The Kootenay Group contains three geologic formations, the 
middle of which is the Mist Mountain Formation. The Mist Mountain Formation extends 
through all three East Kootenay coalfields, but occurs inconsistently, present in each in 
varying degrees and thickness (Johnson and Smith, 1991). The majority of the coal seams 
in the East Kootenay originate in the MMF, which was originally referred to as the ‘Coal 
Bearing Member’.
Several coal seams extend throughout the MMF and subsequently throughout 
southeastern British Columbia. The formation is 500-600 meters thick, and contains up to 
29 individual coal seams (Dawson, 1995). The coal seams within the Mist Mountain 
Formation are substantial, with a net thickness of 75 meters and individual coal seams up 
to 19 meters thick (8-12% of the total formation thickness) (Dawson, 1991, Monahan, 
2000). The coal in the MMF occurs in elongated synclines, which are attractive coalbed 
methane targets. The coal rank is low to high volatile bituminous, which translates into a
25
potentially large source of productive coalbed methane. The methane resource estimates 
for the MMF were modeled after estimates for the San Juan, Black Warrior and Powder 
River Basins of the U.S. (Table 3-1). The highest degree of similarity is found in the San 
Juan Basin, with respect to the thickness, depth, origin and rank of the coal.
The coalbeds of the Mist Mountain Formation comprise 25% of the total known 
gas reserves in all of Canada (Monahan, 2000). Based on the coal characteristics and 
theoretical gas capacity of the deposits in the Mist Mountain Formation, the East 
Kootenay region is ranked the number one targeted area for gas production and has 
subsequently been the primary site of coalbed methane exploration in Canada (Dawson,
1995).
There are currently five open-pit coalmines in the East Kootenay Coalfields, the 
largest of which are the Fording River and Greenhills coalmines (Figure 3-2). All five are 
located in the Elk Valley, directly north of the Flathead Valley (Monahan, 2000). The 
rank of the coal is bituminous and together, the mines produce 75% of the entire coal 
resource for British Columbia (EMCBC, 2000). Environmental concerns regarding the 
existing coalmines in SE BC include the impacts of rock drains and sediment loading to 
the riparian ecosystem. In addition, elevated selenium levels have been detected in the 
Elk River, but no impacts have been detected yet.
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Coalfields and coalbed methane potential in British Columbia
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Table 3-1. Basis for comparison between the East Kootenay coalfields and the producing 
coalbed methane basins of the United States.
C»al
Citaraeferîstics Coal
Biaefe Warrior 
Basla, AB
Sand%tan 
Baisla,CO/NM |
; Powder River 
! MT/WY
Origin Jurassic- Pennsylvanian Upper Tertiary
Cretaceous Period Cretaceous Period
Rank Bituminous Bituminous Bituminous Lignite-Sub 
bituminous
Depth 274-1,829 m 152-914 m 457-914 m 91-305 m
900-6000 ft 500-3000 ft 1500-3000 ft 300-1000 ft
Individual 17 m 0.3-1.8 m 23 m 14 m
Seam Thickness 57 ft 0.9-6.0ft 75 ft 45 ft
Coalbed
Methane 
Resource Est.
20 Tcf 20 Tcf 31 Tcf 30-40 Tcf
THE ELK VALLEY COALFIELD
The Elk Valley Coalfield (Figure 3-2) is the northern-most deposit of the East
Kootenay Coalfields. It is long and narrow, extending north-south 97 kilometers (60
miles) in length and 12 kilometers (7 miles) wide (Johnson and Smith, 1991). There are
two coal-bearing sections in the Elk Valley coalfield: the section in the north end ranges
from 500-580 meters (1640-1902 feet) thick and contains an estimated 66 meters (216
feet) of coal and the section in the south end is 550 meters (1804 feet) thick and contains
an estimated 70 meters (230 feet) of coal (Monahan, 2000). Together these sections
contain an estimated 19 billion tonnes (21 short tons) of coal that extends to a depth of
1500 meters (4,921 feet). The coalbed methane resource is estimated to be 7.7 Tcf. (7-8)
(Johnson and Smith, 1990).
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THE CROWSNEST COALFIELD
The Crowsnest Coalfield (Figure 3-2) lies in the center of the East Kootenay
coalfield and also runs in a northerly trend, with a length of 54 kilometers (33 miles) and 
a width of 24 kilometers (15 miles) (Johnson and Smith, 1991). The coalfield is almost 
entirely rimmed by the MMF and contains the highest coal resource of the three 
coalfields. Consequently, the area has the highest coalbed methane resource estimates. 
There is an estimated 25 billion tonnes (27 short tons) of coal, extending to a depth of 
4000 meters (13,123 feet), although exploration activities have focused between 150 and 
450 meters (492 and 4,921 feet) (Johnson and Smith, 1991). The estimated coalbed 
methane resource is 12 Tcf. (10-13) (Johnson and Smith, 1991).
The topography of the Crowsnest Valley is considerably more rugged than that of 
the Elk Valley, which is a concern regarding access to the area. There is a 36-inch 
pipeline known as the Westcoast Transmission Limited pipeline, which runs through the 
Crowsnest Valley and provides access to the United States natural gas market (Figure 3- 
3). As discussed in the section on the ecological significance of the East Kootenay region, 
the headwaters of the Flathead River originate in the Crowsnest Coalfield.
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markets (adapted from Johnson and Smith, 1991).
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THE FLATHEAD COALFIELD
The Flathead Coalfield (Figure 3-2) defines the southern boundary of the East 
Kootenay Coal Group. Unlike the other two East Kootenay coalfields, the Flathead 
Coalfield consists of several disparate sections that correspond to coal-bearing remnants 
of the MMF There are three distinct deposits: Lillyburt, Harvey Creek and Sage Creek. 
The Sage Creek deposit is the largest and lies nearest to the US border. Coal in the Sage 
Creek deposit is up to 30 meters (98 feet) thick. Johnson and Smith (1991) cite three 
different estimates for the amount of coal underneath the Flathead valley: "measured 
resources are 70 million tonnes, indicated resources are 150 million tonnes, and inferred 
resources are 200 million tonnes" (77, 17 an 220 short tons respectively). The estimated 
coalbed methane potential of the Flathead Valley is 400 bcf.
Table 3-2: Coal and Coalbed Methane Resource of the East Kootenay Coalfields
PARAMETER ELK VALLEY 
COALFIELD
CROWSNEST
COALFIELD
FLATHEAD
COALFIELD
TOTAL
MMF COAL SEAM 
THICKNESS
avg = 59 meters avg = 42 meters avg = 23 meters avg = 55 meters
COAL RESOURCE 19 billion 
tonnes
25 billion 
tonnes
420 million 
tonnes
47 billion 
tonnes
DEPTH OF COAL 1500 m Up to 4000 m 90 m X = 900 m
CBM ESTIMATE 8.0 Tcf 12.0 Tcf 400 bcf 20.4 Tcf
* 1 short ton = 0.9072 metric tons (tonnes)
THE SAGE CREEK MINE
The controversial Sage Creek coal mine was proposed in 1987 and entailed the
construction and operation of two open pits in the Flathead Valley of southeastern British 
Columbia (BRC FRJSB, 1987). The mine was to be located near the confluence of 
Howell Creek and Cabin Creek on the Flathead River, approximately ten kilometers (six
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miles) north of the US-Canadian border. The proximity of the mine to the International 
Border and the transboundary nature of the Flathead River caused local residents and 
government agencies in Montana to appeal to the International Joint Commission (IJC) 
on behalf of the Boundary Waters Treaty. Comprehensive studies were subsequently 
carried out regarding the potential impacts of the proposed mine on the integrity of the 
Flathead River ecosystem, from southeast BC down to Flathead Lake, Montana. The IJC 
recommended rejection of the proposal citing “unacceptable impacts to water quality and 
migratory fish populations” (1988).
COALBED METHANE EXPLORATION IN SOUTHEAST BRITISH COLUMBIA
Encouraged by the recent success of coalbed methane production in the United
States, the provincial government of British Columbia has initiated studies of the 
potential for CBM production. Exploratory activity is focused on the East Kootenay 
Coalfields, specifically in the Elk and Crowsnest Valleys. This is a result of a series of 
reports publishing CBM potential and estimates for the region and subsequent efforts by 
industry to acquire exploration rights in the region.
Thus far, test holes and wells have verified the presence of methane gas in the 
East Kootenay coal deposits and geologists maintain that there is an immense coalbed 
methane resource in the Mist Mountain Formation of southeast B.C. (Monahan, 2000). 
Exploratory wells in the Elk Valley indicate that the methane is adsorbed to the coal 
deposit and also occurs in fractures or cleats that appear to be permeable (Monahan,
2000). All test wells have produced both water and gas at varying levels. Most of the 
exploration data are confidential at the time of this writing, however the available 
exploration results are described below.
When reading the CBM estimates for the East Kootenay Coalfields, it is
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important to keep in mind that the resources projected for SE BC are estimates. The data 
are based on a limited number of test wells that, relative to the US, have produced low 
volumes of gas. The other source for the estimates is complex modeling, which combines 
known hydrogeological data, and simulates volumes of coalbed methane for the coal 
deposits. Fact-based resource estimates can only be derived from drilled wells. The test 
results for the Crowsnest and Elk Valley Coalfields are described below. The coalbed 
methane resource estimate for the Flathead Valley is 400 bcf (0.4 Tcf) and no test wells 
have been drilled there thus far.
C B M  EXP LO RA TJON IN  TH E E L K  V A LLE Y CO ALFIELD
Much of the interest in the coalbed methane resource potential in British
Columbia has been focused on the Elk Valley Coalfield. According to a report published
by the Energy and Minerals Division of the B.C. Ministry of Energy and Mines, the
production rates from the test wells are too low to be considered economical. However,
the water production rates indicate that the coal seams are permeable (highly fractured)
and that with “continued de-watering” coalbed methane production could achieve
economical levels (Monahan, 2000). Fording Coal Ltd. drilled a test well (TH-68) along
the Fording River near the Fording River coalmine and Norcen-Elkford drilled several
wells (a-64-E and test holes 65-67) in the northern part of the Elk Valley along the Elk
River (Figure 3-4). The test well data presented in Table-3-3 are adapted from Monahan,
2000, Dawson, et al., 2000, and Dawson, 1991.
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Table 3-3. Test well data for the Elk Valley and Crowsnest coalfields (the Crowsnest results
l i i M i H
l U i l l l
c w
SeâM
C^M
: FrfhttiïÊfiiiB
Notes
a-65-E Mobile/
Chevron
1990 264 m 14.4m 14 cc/g D nlled in the Ferine 
Basin within 20 km o f  
the Flathead 
headwaters
C-12-L Gulf
Canada
1990 575 m 24.4 m 6.96 cc/g Drilled in the Feniie 
Basin within 5 knt o f  
Flathead R. headwaters
KPP90 1 
KPPO-2
Saskoil-
Fernie
1990 307- 
509 m
1.54-14.21
cc/g
Drilled in the Feniie 
Basin within 10 km o f  
the Flathead R. 
Headwaters
a-64-E
(65-67)
Norcen
Elkford
1991 500 m 54.7 m 13.3 cc/g 
750 mcfd
water production: 31 
bw/d Produced water 
exceeded stds for Pb, 
Mn, TDS, & Og cmpds
TH-68 Fording 
Coal Ltd.
1993 533 m > 1 m 12 cc/g 
15-17 mcfd 107 bwd well exliibited 
low pemieability
d-15-C Symmetry
Fording
1999 805 m 2.5 mcfd 13-19 bwd
C BM  EXP LO RA TIO N IN  TH E C R O W SN E ST C O ALEIELD
Of the three coalfields in the East Kootenay, coalbed methane exploration has
been most extensive in the Crowsnest. A total of eight test holes have been drilled in the 
Crowsnest Coalfield, seven of which accessed the thick, coal-bearing seams in the Mist 
Mountain Formation (Monahan, 2000). All of the wells (Table-3-2) produced relatively 
little gas with low flow rates, contrasted with significantly higher water production, 
however the technical assessments of the wells conclude that CBM potential is promising 
(Dawson, 2000).
Gulf Canada drilled exploration well c-12-L within 5 km of the Flathead River 
headwaters and Mobile-Chevron drilled well a-65-E within 20 km of the headwaters 
(Figure 3-5). The low methane flow rates indicate that the coal seams are 
‘undersaturated’ with methane (Monahan, 2000).
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Other resource estimates for the area, however, have concluded that the low production 
rates are a result of location and depth of drilling and are not representative of the entire 
Crowsnest Coalfield (Dawson, 1991).
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THE INFLUENCE OF WATER TABLE DEPTH ON CBM PRODUCTION POTENTIAL
In the Rocky Mountains and foothills of southeast British Columbia, the complex
topography influences the feasibility of coalbed methane production. One of the most 
influential constraints of topography is the effect of the mountains on the elevation of the 
regional water table (Dawson, 1995). In order to be economically productive, coal 
reservoirs must exist at high pressure, and the hydrostatic pressure of a coal reservoir is a 
direct function of the depth of the deposit below the water table (Monahan, 2000). In the 
valleys of the East Kootenay, the water table lies below the major rivers. Data from test 
wells drilled in the Crowsnest coalfields indicate that unless the wells are drilled in the 
valley bottoms to a depth below the water table, the methane will not be released from 
the coal deposit at economically producible rates (Dawson, 1995, 2000). Based on test 
well data, Dawson concluded, "It appears that in mountainous terrain, the coals must lie 
below the regional water table (ie, major river valleys) in order for the methane gas to be 
retained in the coal seam" (1995, pg. 55).
In summary, there are two main conclusions that have been drawn regarding 
CBM exploration in the East Kootenay. First, the locations of exploratory wells were 
chosen according to land ownership and permit availability, not based on estimates of 
highest CBM production potential from hydrological and geological information. Second, 
in order to penetrate reservoirs with elevated hydrostatic pressure and access deposits that 
lie below the depth of the water table, wells must be concentrated in the riparian valleys 
of the East Kootenay. Based on these conclusions, geologists contend that the CBM 
exploration results thus far do not represent the maximum production potential for the 
region and that further exploratory drilling, to depths below the water table, will produce 
methane at commercial rates.
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Chapter 4. 
The Coalbed Methane Industry in the United States
INTRODUCTION
The coalbed methane industry in the United States (Figure 4-1) is recently 
established and growing at an exponential rate. From 1990 to 1995, coalbed methane 
production in the US quadrupled, and 95% of the methane produced came from just two 
basins, the Black Warrior Basin of Alabama, and the San Juan Basin of Colorado and 
New Mexico (Montgomery, 1999). In 2001, over 8% of the natural gas production for the 
United States came from coalbed methane production. Recent developments are focused 
on the Powder River Basin region of Montana and Wyoming, the fastest-growing and 
most controversial coalbed methane development in the US. The Bureau of Land 
Management completed the Draft EIS for the Powder River Basin in January 2002. The 
document analyzes the impacts of up to 51,444 wells, the largest CBM development in 
the United States.
The environmental impacts of full-scale coalbed methane production are largely 
unknown given the relatively short period of time that CBM has been produced in the 
United States. The industry has not been in existence long enough for sufficient data 
regarding the impacts to have been collected and evaluated, and as a consequence, 
environmental regulations have not yet been established. For example, there are no 
standards governing well spacing or wastewater discharge in producing basins. As a 
consequence, each of the basins discussed in this paper differ with respect to well density, 
both within and across basins, and with respect to method of wastewater discharge.
For the purpose of this paper I have selected three major producing coalbed 
methane basins in the United States which together represent the longest-running (Black
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Warrior Basin), and the largest and fastest growing regions (San Juan and Powder River 
Basins) of production in the United States, Each basin is discussed with respect to rank, 
depth, thickness of the coal, and average production of coalbed methane. This 
information is summarized in Table 4-1.
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Figure 4-1. Coalbed methane basins in the United States (adapted from the Coalbed 
Methane Association of America, 1998)
Case Study # 1: Coalbed Methane in the Black Warrior Basin, Alabama
The Black Warrior Basin (BWB) spans the border of Mississippi and Alabama,
and is named for the Black Warrior River, which flows west-southwest through the 
region. The basin is triangular in shape and encompasses approximately 236,600 km  ̂
(91,351 mi^). To date, production in the region has taken place solely in Alabama. It is 
one of the primary coal-producing regions of the United States and has been actively 
mined for coal for the last century.
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COAL RE SO U R C E
The area underlain by coal in the Black Warrior Basin is approximately 37,440
km  ̂(14,455 mi^) and contains an estimated 35 billion tons of coal resource (Hewitt,
1984). Nearly half of the coal occurs at depths that are economically unfeasible to
produce, and the 20 billion tons of commercially viable coal contains an estimated
coalbed methane resource of 20 trillion cubic feet (Tcf) (Rightmire and Byrer, 1981). The
producible coal resource in the Black Warrior Basin lies within the Pottsville Formation
of the Pennsylvanian System, which lies at a depth of 152-914 meters (500-3,000 ft)
(Ellard and Roark, 1991). The Pottsville Formation contains 20 distinct coal seams with
a net coal thickness of 9 to 15 meters (30-49 ft) (Hewitt, 1984). In contrast to the coal
seams of the other basins discussed in this paper, including the East Kootenay, the
individual coal seams of the BWB are thin, ranging from 0.3 to 2.0 meters (1-7 ft)
(Dawson, 1995). The coal of the Warrior basin is ranked high to low volatile bituminous.
C U R R E N T PROD UCTION
The Black Warrior Basin is the oldest coalbed methane basin in the United States.
Production of the region for coalbed methane began in 1980 and continues today. To
date, there are approximately 3,500 producing coalbed methane wells in the Warrior
Basin. Current permits allow for the drilling of nearly 5,000 wells. Wells are typically
spaced at one per every 80 acres (32 hectares) and the average daily production for the
region is 285 million cubic feet per day (mcfd) (Wells, 1999).
TH E  CED AR CO VE A R E A
Cedar Cove is the name given to an area within the BWB that includes three
producing fields; Holt, Peterson, and Cedar Cove. The average gas production for the
region is 122 mcfd, with water production averaging 347 bbl/day (55,162 L/day) (Ellard
and Roark, 1991.) It is one of the most productive regions of the Black Warrior Basin and
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is highlighted in this paper because the area has been the focus of extensive studies 
regarding the impacts of methane water discharge. These studies are discussed in detail in 
Chapter 5.
Case Study #2: The San Juan Basin of Colorado and New Mexico
Perhaps more than any other coal basin in the United States, the San Juan Basin
(SJB) is essential to understanding coalbed methane development in the Rocky Mountain 
West. Geologically, the SJB contains all the critical geologic factors that occur 
individually in the coalbed methane basins of the US and southeast British Columbia. 
These factors include, formation of the coal seams, structural factors that define the 
methane entrapment and over-pressuring of reservoirs (Choate, et al, 1984). It is because 
of this wide range of hydrological and geological characteristics that geologists in British 
Columbia modeled their CBM estimates after the San Juan Basin.
The San Juan Basin extends from southwestern Colorado into northwestern New 
Mexico, covering approximately 24,087 km  ̂(9,300 mi^). The basin is asymmetrical and 
elliptical, trending northwest to southeast (Choate, et al, 1984). The SJB straddles the 
eastern half of the Four Corners area, which is a semi-arid mountainous region 
characterized by the rugged peaks and foothills of the San Juan Mountains. The 
elevation ranges from 1,555 to 2,400 meters (5,101 to 7,874 ft), with 900 meters 
(2,953 ft) of topographical relief.
COAL RE SO U R C E
The coalfields of the San Juan Basin originated in late Cretaceous Fruitland 
Formation and all of the coalbed methane development in the San Juan Basin is 
concentrated here because it contains the thickest and most consistent coal seams. The 
Fruitland Formation ranges from 700-1200 meters (2,296-3,937 ft) beneath the surface
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and the coal seams range in thickness from 10 to 27 meters (33-89 ft) (average thickness 
of 25 meters (82 ft)(Moore, 1990). The individual seams of the formation are relatively 
thick, like those of the East Kootenay, measuring approximately 5 meters(16 ft) in width. 
In addition to depth and thickness of the coal seams, the abundance of cleats creates a 
permeable formation and significantly increases the producibility of the San Juan Basin 
methane. The coal of the Fruitland Formation is ranked high to medium volatile 
bituminous (Ayers and Kaiser, 1992). The estimated coal resource of the Fruitland 
Formation is 200 billion tons, containing a total coalbed methane resource of 31 Tcf (500 
cubic feet/ton of coal) (Choate, et al, 1984).
C U R R E N T PRO D U C TIO N
Currently, there are approximately 3,000 coalbed methane wells operating in the
San Juan Basin. The well spacing in the San Juan Basin is among the highest in the
industry at two wells per mile squared, or one well per every 160 acres (1 well/65 ha).
Several fields within the SJB exhibit extremely high gas production due to the
phenomenon of over-pressuring in some reservoirs. Over-pressuring results from the
interaction of hydrogeological factors and produces high volumes of both gas and water
(Dawson, 1995). The average gas production for the SJB is 600 mcfd.
L IF E  S P A N  O F  TH E  W ELLS IN  TH E S A N  JU A N  B A S IN
Most assessments of coalbed methane production are based on an average well
life of 10-20 years. Some wells far exceed this, as has been observed in the San Juan
Basin. In the SJB, wells drilled in the early 1950’s have been producing for just over
thirty years. For example, the Phillips well (No 6-17) has been producing for over 35
years. The well produces an average of 160-180 Mcf/day, and has shown no decline in
production (Ayers and Kaiser, 1991).
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Case Study # 3: The Powder River Basin of Wyoming and Montana
Wyoming's Powder River Basin (PRB) is the most highly productive coal region
in the nation and consequently is the focus of large-scale coalbed methane development. 
Coalbed methane production began in the Basin in 1989 and within five years had 
accelerated to exponential levels of development. The rapid rate of development and the 
occurrence of CBM on private land have resulted in a high degree of controversy 
surrounding methane production in the region.
The Powder River Basin extends from northeastern Wyoming into southeastern 
Montana. It encompasses approximately 25,800 square miles (67,080 square kilometers), 
and is bounded by the Black Hills in the east and the Bighorn Mountains in the west 
(Choate, et al, 1984). The climate is arid and water is the critical limiting factor in a 
region where the annual loss of precipitation to évapotranspiration exceeds annual 
rainfall. The topography is relatively flat, with low rolling hills and low topographical 
relief.
COAL RESO U RC E
The coalbed methane resource of the Powder River basin is derived primarily 
from coal seams in the Fort Union Formation laid down during the Paleocene 
(Montgomery, 1999). Various estimates for the region range from 91 billion to 1.3 trillion 
tons depending on the source (Choate, et al, 1984). The average estimate reported in 
CBM Environmental Impact Statements for the region is 240 billion tons of coal (BLM,
1996). The total estimate of coalbed methane resource in the Powder River Basin is 
approximately 25 trillion cubic feet. Like the coal seams of the Mist Mountain Formation 
of British Columbia, the deposits of the Fort Union Formation are large in volume, 
averaging in thickness from 15-45 meters (49-148 ft) (Montgomery, 1999).
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Within the Fort Union Formation, the Tongue River Member contains the thickest 
and most persistent coal seams, the thickest of which is known as the Wyodak-Anderson 
coal seam. The Wyodak-Anderson coal seam is the focus of coalbed methane production 
in the PRB. The seam is relatively shallow ranging from 100 to 300 meters (328-984 ft) 
below the surface. This seam contains an estimated 100 billion tons of coal, which is the 
largest tonnage in a single coal seam in the entire United States (Chaote, et al, 1984). In 
addition to the immense coal resource, geologists characterize the Wyodak-Anderson 
coal seam as being particularly shallow, thick and permeable (Montgomery, 1999).
The coal of the Fort Union Formation ranges from lignite to subbituminous. This 
is lower ranking coal than is found in other producing basins, which translates into less 
methane per unit volume of coal. Given the enormous scale of the coal resource, 
however, methane production is considered economically viable.
C U R R E N T PRO D U C TIO N
There are currently approximately 14,500 CBM wells in Wyoming with a total
development estimate of 51,000 wells by 2010 (BLM, NPRC, 2001). The projected 
development for the Montana portion of the PRB is 14,000 to 39,000 wells. Total 
production estimates for the entire Powder River Basin range from 90,000 to 180,000 
wells in the next decade. Well spacing in the PRB is among the lowest in the industry 
with one well per every 20-80 acres (1 well/8-32 ha).
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Table 4-1 . Characteristics of the Coalbed Methane Basins of the United States
PARAMETER BLACK WARRIOR SAM JUAM POWDER RIVER
Basin Size 
W ells
14,400 mi" 
(37,440 km-)
3.500
9,300 mi- 
(24,180 km-)
3,000
25,800 mi" 
(67,080 km-)
14,500
COAL CHARÂCB.
Coal Formation Pottsville Fruitland Fort Union
Coal Deposit 20 billion tons 200 billion tons 91-1.3 trillion
Coal Seam Th. 15 meters 25 meters 45 meters
Individ. Seam Th.
Coal Depth
0.3-2.0 meters
150-1000 meters
4.0-5.0 meters
500-1000 meters 100-300 meters
Coal Rank High-Low Volatile 
Bituminous
High-Med Volatile 
bituminous
sub-bituminous
CBM RESOURCE
Trillion cubic feet 20 Tcf 31 Tcf 25 Tcf
Daily Prod./W ell 285 mcfd 600 mcfd 200 mcfd
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Chapter 5.
Disturbance Resulting from Coal Seam De-watering
INTRODUCTION
Coal deposits differ from conventional oil and gas deposits in that the reservoirs 
are saturated with water. In a conventional well, penetrating the reservoir causes the gas 
to naturally migrate to the surface. For a coalbed methane well, successful production 
cannot occur until the water is actively pumped out of the coal deposit, lowering the 
hydrostatic pressure in the reservoir and releasing the methane. Because of this, water is 
an integral part of coalbed methane extraction and production. Typically, there is an 
initial de-watering phase lasting six months to two years, where there is no coalbed 
methane production until sufficient water has been pumped out to reduce the reservoir 
pressure and release the gas. Following the initial de-watering period, water production 
decreases and gas production increases (Figure 5-1).
Because water production and methane production are inextricably linked, 
determining the method of wastewater disposal is a fundamental requisite of viable CBM 
production. Criticism of the rapidly expanding coalbed methane industry in the United 
States is based on the fact that the titles to exploit the CBM resource become available, 
allowing fields to go into production prior to the establishment of environmental 
regulations that are tailored specifically to issues of coalbed methane production. To date, 
regulation of the industry has fallen under existing legislation governing conventional oil 
and gas production, which does not address wastewater production or well densities less 
than one well/640 acres.
Wastewater production is also a concern because of the raw volumes of water 
produced. Wells in the CBM basins of the U.S. produce from 50-1,000 barrels of water
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per day (bwpd). In the San Juan Basin, initial water production is as high as 200 gallons 
of water per minute from an individual well (USGS, 2000). Dealing with the immense 
volume of water produced, with no initial gas production, has resulted in high operating 
costs for commercial production and the necessity of a large land base in order to produce 
gas at economically viable levels.
The issue of methane wastewater will be discussed in two parts in this chapter. 
Part One includes background information on methane wastewater, including the sources, 
characteristics, nonconformity of volume and composition, and three case studies which 
outline the variation observed for methane wastewater produced from the CBM basins in 
the US. Part One also includes a discussion of the wastewater disposal methods utilized 
in these basins. Part Two describes the disturbance resulting from the production of 
methane wastewater. The individual components are addressed as well as the cumulative 
disturbance to the producing landscape.
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Figure 5-1. Decrease of methane wastewater production over time (adapted from the 
Lighthouse CBM Environmental Assessment, USDI, BLM, 1996).
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Part One; Case Studies of Coalbed Methane Production in the United States
SO U RC E S O F  W ASTEW A TER
The large quantities of water produced during coalbed methane production are a
critical environmental and economic factor to be addressed. There are three main sources
of wastewater from a producing coalbed methane field. The first is from the drilling of
wells and this water is typically stored on-site in lined impoundment pits. The second
source of wastewater is non-point pollution run-off from roads and well pads. The last
source is the wastewater produced from the de-watering of coal seams (Horn, 1990).
Wastewater produced from de-watering far exceeds the other two sources in volume,
however, all three sources combined result in a cumulative disturbance to both the
terrestrial and aquatic landscape.
There are four parameters by which CBM wastewater is characterized;
• flow rates per well
• well flow rate variation over the life of the project
• water quality/composition
• total discharge for the entire basin
TH E  N O N C O N F O R M IT Y O F M E T H A N E  W ASTEW A TER
Individual basins vary in the volume and composition of the produced
wastewater. Producing fields have also exhibited a high degree of variation within the 
basins, within individual coal seams and from well to well. The nonconformity of water 
observed for producing basins is a result of the depositional environment during coal bed 
formation (coalification), the depth of burial episodes, and the type (rank) of the coal 
(USGS, 2000). As a result of this extreme variability, the quality and quantity of methane 
wastewater is well-specific and differs throughout the life of fhe project as individual 
seams are de-watered.
A final factor that further complicates the issue of methane wastewater is the lack
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of long-term, comprehensive data for the producing fields of the US. The difficulty in 
drawing conclusions regarding wastewater is a result of several interacting factors 1 ) the 
composition of produced wastewater 2) the wide variability in volumes of wastewater 
produced, and 3) the adolescence of the industry and the subsequent lack of long-term 
comprehensive studies of methane wastewater within and across the basins of the US. 
VOLUM E
Given the variations outlined above, volumetric measurements for water produced 
and discharged from a given coalfield cannot be standardized. Assessing volumetric 
measurements for a producing methane field depends on the following factors:
• number of producing wells
• stage of production for each well in the field (initial, middle, decline)
• type of completion
Because the volume of water produced changes significantly over the life of a 
well, it is essential to evaluate the maximum, minimum, and average rates of wastewater 
production. This is because a CBM well can produce water from 20-40 years and initial 
maximum flow rates can be sustained for up to 24 months. In order to present an idea of 
the range of volumes produced in the U.S., an average value of barrels and gallons 
produced per day per well is presented for each of the basins in the table below.
Table 5-1. Average water production per day per well for the basins in the US
BASINS OF 
TH FU A
BWB SJB FBB
Barrels/day/
Well
avg = 229 
(36,404 L)
avg -  250 
(39,742 L)
avg = 400 
(63,588 L)
Gallons per 
Minute/Well N/A 200 gpm 15-25 gpm
*1 barrel of water equals 42 gallons
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M E T H A N E  W A STE W A TE R  C O M PO SITIO N
The composition of CBM wastewater is characterized according to three main
parameters. Produced water is tested for the sodium absorption ratio (SAR),
concentration of total dissolved solids (TDS) and electrical conductivity (EC). Numeric
values for these parameters indicate the presence and concentration of dissolved ions and
the presence and concentration of trace metals (USGS, 1999). Data on trace metal
concentrations is limited and insufficient at this time.
TO TAL D ISSO LVED  SO L ID S (TDS)
The measurement for dissolved ions is referred to as the concentration of Total
Dissolved Solids (TDS). It is limited to major anions and cations and is measured in
milligrams per liter (mg/L) or parts per million (PPM). It is often equated to “salt”
concentrations in water, however, this is not entirely correct. It also includes all solids
that can be dissolved in water. In methane wastewater, however, the dominant ions are
sodium and bicarbonate, which generally constitute about 80% of the TDS (USGS,
2000). According to a report by the United States Geological Survey, the TDS of
methane wastewater for the major producing fields of the US ranges from 200 mg/L to
170,000 mg/L (1999). A reference for common concentrations of TDS is given in Table
5-2.
Table 5-2. Reference table for concentrations of total dissolved solids (TDS)
 1  . . . .  U S E  I
500 mg/L potable (human use) j
1000-2000 mg/L Suitable for stock ponds and irrigation |
35,000 mg/L Seawater I
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SO D IU M  A B SO R P T IO N  RA TIO (SAR)
Methane wastewater has extremely elevated SAR values. Because of this, it is one
of the critical parameters used in evaluating the composition and quality of methane
wastewater. Chemically, SAR is a measure of the ratio of sodium relative to the amount
of calcium and magnesium in the water (ALL, 2001). In simpler terms, the SAR indicates
the level of dissolved salts in the produced water and calculates the tendency of sodium
to replace other ions in the soil (Rice, 2000). The most extensive research on the impacts
associated with the elevated SAR of methane wastewater has been carried out in the
Powder River Basin, where one the primary methods of disposal is surface discharge,
both overland and into local watersheds (USGS, 2000). The implications of continuous
discharge of high SAR wastewater are in the case study on the Powder River Basin.
M E T H A N E  W A STE W A TE R  D ISPO SAL
The fate of methane wastewater once it reaches the surface varies between the
CBM basins of the United States. Strategies for dealing with methane wastewater can be
classified in two broad categories, re-injection and disposal. The common methods of
disposal include discharge overground, into local drainages or (semi) containment in
surface ponds (USGS, 1999). Re-injection involves pumping the produced water into
underground aquifers. The method employed is largely determined by the quality and
volume of the water produced and is influenced heavily by economic feasibility (USGS,
1999). In the Black Warrior Basin of Alabama and the Powder River Basin of Montana
and Wyoming, surface discharge is the primary method of disposal. In the San Juan Basin
of the southwest, re-injection is the primary strategy (USGS, 1999). Treatment of the
massive volumes of produced wastewater to remove the dissolved solids has proven thus
far to be too costly to be economically feasible (Luckianow and Hall, 1991).
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Case Study # 1: M ethane W astewater Disposal in the San Juan Basin of Colorado 
and New Mexico
Of the four US basins discussed in this paper, coalbed methane wells in the San 
Juan Basin produce the lowest volume of water per cubic feet of gas. According to the 
USGS (2000), the water (Bbl) to gas (mcf) ratio is 0.031 (as compared to 2.75 for the 
Powder River Basin). The relatively lower water/gas ratio is not a result of lower 
volumes of wastewater, however, it is a result of the higher volumes of gas that are 
produced in the SJB. Wells drilled into the Fruitland Formation of the SJB produce water 
that has elevated levels of total dissolved solids (TDS), sodium and chloride (Kaszuba 
and Buys, 1993). The yield per well ranges from 100-300 gallons of water/minute (378- 
1,135 L/min).
D ISPO SAL
The primary method of wastewater disposal in the San Juan Basin is subsurface 
disposal through re-injection into deep reservoirs. Other methods that were considered 
technically feasible for the region included evaporation and surface discharge. 
Evaporation pits were ruled out due to low rates in the winter, and surface discharge was 
deemed economically unfeasible because of the high cost required to meet water quality 
standards (Moore, 1991).
Surface discharge was not utilized for the SJB because the chemical composition 
of the water makes it unsuitable for discharge. The continued use of re-injection to 
dispose of wastewater in the San Juan is of concern, however, because the volume of 
wastewater is expected to exceed the capacity of the underground disposal zones that 
have been filling with wastewater for the last several decades (Cox, 1993).
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Case Study # 2; The SAR of Methane Wastewater in the Powder River Basin. WY
The primary method of wastewater disposal in the Powder River Basin is
overland discharge. Essentially, water pumped up from underground reservoirs is 
collected at a central location and discharged onto the surface of the land. From there, the 
water evaporates, percolates back into the soil or runs into nearby drainages.
Native vegetation in the Powder River Basin will tolerate an SAR of up to 12. 
However, plant productivity begins to decline at an SAR of 3 (Bauder, 2000). The SAR 
of produced water from CBM de-watering in the PRB ranges from 6-90, well beyond the 
threshold of both the soil and the vegetation it supports (USGS, 2000). Within the wide 
range of 6-90, a study of 47 water samples in the PRB found that over 47% had an SAR 
over 10 (Rice, et. al., 2000). Continuous application of high SAR wastewater alters the 
physical composition of soil, causing the soil to lose its structure and disperse (ALL,
2001). In addition, the dispersed soil lacks permeability and loses the ability to exchange 
gas and water, which in turn, prevents vegetative growth in the soil. All of these impacts 
combined result in the increased susceptibility of soil to erosion and the overall loss of 
soil, and native vegetation, in the region of discharge (ALL, 2001, Bauder, 2000).
Elevated levels of chloride are also characteristic of CBM wastewater. These also 
negatively impact the soil by altering the soil composition. The net effect of continuous 
discharge is soil saturated with highly saline-sodic water, which shuts down water 
exchange between vegetation and soil (Kaszuba and Buys, 1993). Saline-sodic soil will 
not support vegetation until the area is reclaimed to reduce levels of sodium and chloride. 
Reclamation plans often prescribe the seeding of salt-tolerant vegetation, which replaces 
original native vegetation and the ecological communities based on them. Re-vegetation 
and reclamation is also difficult in areas that are characterized by wide variation in
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precipitation and topography (Kaszuba and Buys, 1993). Despite the negative impacts of
these ions to the PRB ecosystem, the state has not yet set monthly maximums or
standards for bicarbonate and sodium absorption ratio (SAR) due to insufficient data.
Case Study # 3: M ethane Wastewater Discharge in the Cedar Cove Region of the 
Black Warrior Basin, Alabama
The primary method of wastewater disposal in the Black Warrior Basin is
assimilation and dilution by nearby watersheds (Luckianow and Hall, 1991). Typically, 
the water pumped from the coal seams is piped into the nearest watershed and the 
dilution rate is closely monitored downstream form the discharge. At certain times of the 
year, however, assimilation into local watersheds is not an option as a result of seasonal 
decreases in water flow. During these seasonal lows, CBM producers are not issued 
discharge permits because the volume of water in local watersheds is insufficient to dilute 
the massive volumes of highly saline methane water. The seasonal lows occur during the 
summer and fall, and often, the flow rates are at or near zero (Luckianow and Hall, 1991). 
As a consequence, CBM producers are required to enlist alternative methods for 
wastewater disposal during periods of low precipitation and drought, in order to ensure 
year-round operation of the CBM field.
IN -S T R E A M  D IL  U TIO N
There are several factors that affect the viability of in-stream dilution as a solution
to methane wastewater disposal. These factors are defined by the characteristics of the
receiving watershed, and they are used to determine feasibility because of the potential
environmental consequences of methane wastewater disposal. The ability of a receiving
stream to assimilate methane wastewater depends on the following factors:
• volume of stream flow (including seasonal variation)
• chloride concentration of the wastewater
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• permit critena
The first two factors are specific to the coal basin and specific to the individual 
wells from which the methane is being extracted. The last factor is a function of the 
environmental laws regulating wastewater disposal permitting. Finally, assimilative 
capacity of the receiving stream will vary throughout the life of a given CBM project 
because the quantity and quality of wastewater produced varies throughout the project.
Discharge Rates and Direct Disturbance at the Point of Discharge
Discharge and assimilation by area watersheds is the disposal method for both the
Powder River and Black Warrior basins. Typically, water from multiple wells is collected 
at a central location and piped to the point of discharge alongside the watershed. The 
central collecting location is referred to as the storage impoundment and can service 
approximately twenty wells (although this varies depending on the amount of water 
produced per well) (MT DEIS, 2002). The direct disturbance per storage impoundment is 
5 .0 acres/20 wells (2.0 ha/20 wells). The second source of direct disturbance is 
construction of the discharge point. The disturbance per discharge point is 0.01 acres/20 
wells (0.04 ha/20 wells).
The amount of wastewater discharged into the watershed varies among basins and 
individual discharge points. The DEIS for the Powder River Basin assumes an average 
rate of discharge of 15-25 gallons per minute (gpm) (57-95 L/min) per well (2002). This 
is an average for the lifetime of a well attempting to account for high water production 
values at the outset of production and reduced values over time. For a total of twenty 
producing wells, each discharge point would release 400 gpm (1,514 L) into the receiving 
watershed. In the San Juan Basin, where re-injection is the primary method of wastewater
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disposal, each well produces an average 200 gpm (757 L). For twenty producing wells, 
the hypothetical discharge rate in the SJB would be 4,000 gpm (15,140 L). The direct and 
indirect disturbances of wastewater discharge are discussed later in this chapter.
M ethane W astewater Discharge in the Cedar Cove Region of the Black Warrior 
Basin, AB
The following discussion is based on a study of produced coalbed methane 
wastewaters for the Cedar Cove Region of Alabama. The study monitored discharge from 
twenty four CBM wells from 1984-1989, and represents some of the most comprehensive 
data available on the impacts of methane wastewater. In the first two years, baseline data 
for the receiving watershed was collected, followed by three years of monitoring after 
discharge into the watershed began. The receiving watershed. Little Hurricane Creek, 
drains 19.7 square miles and ranges from 97.5 to 176 meters (320 to 580 feet) in 
elevation (O’Neil, et al, 1991). The objectives of the study included: assessment of the 
quality of methane wastewater, evaluation of the impacts of methane wastewater 
discharge on receiving stream water quality, and assessment of the impacts to instream 
benthic invertebrate and fish communities. The following table summarizes the results of 
the study:
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Table 5-3. Comparison of the water composition of Little Hurricane Creek (drainage 
receiving discharge) and the composition of methane wastewater.
PARAMETER
pH Range 
Bicarbonate 
Iron
Dissolved Oxygen 
Chloride
OTTtEHURM CANE
CREEK
PRODUCER WATER
5.6-7.0
5.0-25 mg/L
0.6-1.0 mg/L (summer) 
0.2-0.4 mg/L (winter)
4.0-12.0 mg/L 
< 10 mg/L
7-8.9 
450-800 mg/L 
3.0 mg/L
0-8.0 mg/L
5.0-2800 mg/L 
X = 1700 mg/L
Chloride Concentrations
The study found that chloride concentrations below the discharge points in Little
Hurricane Creek varied highly throughout the study, ranging from 5-650 mg/L. 
Concentrations were elevated significantly during periods of extreme drought (May- 
Sept). With respect to the EPA criteria for chloride concentrations, the average daily 
chloride levels exceeded the national EPA criteria of 230 mg/L several times, including 
several extended periods of over three months. Levels of 600 mg/L were recorded for up 
to four days at a time (O’Neil et al., 1991). 
pH
The study documented that the pH of the receiving watershed increased 
significantly, particularly during periods of low stream flow. According to Burkett 
(1991), pH changes are detrimental when there are elevated levels of iron and biological 
oxygen demand problems (at oxygen levels <5.0 mg/L, detrimental effects to aquatic life 
are observed).
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Impacts to Benthic Invertebrates
There were significant decreases in mayfly (Ephemeroptera) and caddisfly
(Trichoptera) density immediately after discharge began. The observed density was
inversely correlated to the increase in chloride concentrations. At the benthic community
level, there was a significant increase in the density of a feeding group known as the
collectors (named for their mode of forage). This increase was correlated to the increase
in algal biomass, which translated into more food for the group. Overall, the decline in
mayflies and caddisflies paired with the increase in collectors, resulted in decreased
diversity in the overall community composition and less representation of the more
sensitive species.
Summary of the Results of the Cedar Cove Wastewater Study
The results of the Cedar Cove study of discharged water demonstrated that the
wastewater produced “distinct water quality changes in the receiving stream, consisting
primarily of increased concentration of total dissolved solids, changes in the pH regime,
and changes in the carbonate buffering system” (O’Neil, et al, 1991, pg 2). Despite these
changes in the water quality of the receiving stream, the study concluded that the
discharged wastewater had no significant or detrimental impact on the biological
community of the stream.
The conclusion of no significant or detrimental impact can be attributed to the
overall health of the receiving watershed prior to wastewater discharge. According to the
authors of the study, ''the faimal communities as a whole that occurred w the receiving
stream were not considered particularly rich in species or indicative o f pristine
environmental conditions’', although they were believed to be appropriate and
representative of the receiving watersheds for the Black Warrior Basin of Alabama
60
(O’Neil, et al, 1991, pg 2).
The study concluded overall that the discharge of methane wastewater had no 
significant degradation of the aquatic system, but noted that “subtle patterns of faunal and 
functional group variation during the study suggested that the aquatic system is 
changing” (O’Neil, et al, 1991, pg 2). For example, the study documented significant 
decline in abundance of certain species of more sensitive fish after discharge began. 
Specifically, the study cited, “a definite pattern of declining abundance ...not causing 
catastrophic changes to overall fish population abundance.” Given that change was only 
noted for specific species, the study concluded that discharged methane wastewater might 
have selected impacts to sensitive species (O’Neil, et al., 1991).
Limitations of the Cedar Cove Studv
There are several limitations of the Cedar Cove study that impact the conclusions
that can be drawn from the study. The first is that the study considered a monitoring 
period of three years to be sufficient to assess the long-term impacts of wastewater 
discharge. Given that full-field development is incremental in nature, a receiving 
drainage may receive discharge from initiation to completion of an entire field, which 
could extend up to forty years. Also, an extensive history of coal mining had already 
significantly impacted the integrity of the biological communities to such a degree that 
adding coalbed methane produced wastewater had little effect on the already stressed 
biological systems (Harris, 1987). Finally, the receiving watershed did not contain any 
species considered to be threatened endangered or of special concern, and thus, the noted 
decline in certain species was not of significant concern. This is not true for the 
watersheds of the East Kootenay.
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Part Two: The Potential Disturbance Resulting From Coalbed Methane 
Wastewater Disposal in the East Kootenay Region
CO ALBED  M E T H A N E  W ASTEW A TER D ISPO SAL IN  SO U TH E A ST  B R IT IS H  COL UMBIA
Predictions regarding wastewater production from the coalfields of the East
Kootenay are difficult to make because a relatively small number of test wells have been 
drilled, and the water analysis has not yet been made available to the public. According to 
a study on the hydrogeology of southeastern British Columbia, the salinity of the 
groundwater ranges from 250-1,300 mg/L and there are elevated levels (super-saturation) 
of calcium, magnesium and iron carbonates. Levels of iron, chromium and zinc exceed 
Canadian water quality standards (Harrison, et al., 2000). The study also predicted 
volumes of wastewater produced using simulation models; initial production rates ranged 
from 744-1,352 barrels of water per day/well (119,886-214,968 L). Limited test well 
data released by the Ministry of Energy and Mines for the wells drilled in the Elk Valley 
show that the produced water exceeded standards for lead, manganese and concentrations 
of total dissolved solids (Monahan, 2000). Water production ranged from 13-107 barrels 
of water per day/well (2,067-17,010 L). Finally, Dawson et. al. (2000) reported that the 
water produced from Elk Valley appears to be fresh and that minimal remediation would 
be required.
The data outlined above for coalbed methane wastewater in the East Kootenay 
region is too scarce and inconsistent to draw conclusions from. Water quality and 
quantity data from the test wells drilled in the Elk and Crowsnest Coalfields are not 
currently available to the public, as per the three-year confidentiality periods mandated 
by the British Columbia Oil and Gas Commission. An informational brochure put out by 
the Ministry of Energy and Mines generally reports that the quality of water produced
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from test wells is ‘good’ and that wastewater discharge will be determined according to 
water quality and quantity, and reviewed on a case-by-case basis (2001). The majority of 
the information in the brochure is taken from producing basins in the U.S., and cites the 
success of overland discharge as a viable disposal method in the Powder River Basin.
Given the limited data on methane wastewater in the East Kootenay, rather than 
try to predict the composition and potential volumes of produced wastewater for the 
potential CBM wells of SE BC, the potential methods of disposal and resulting 
disturbances are discussed. The disturbance resulting from overland discharge is 
emphasized because it is specified in the current discussions of CBM development in the 
East Kootenay. The likelihood of discharge being the disposal method is increased given 
the reports of relatively fresh water in the coal reservoirs of the Elk Valley. Overland 
discharge is also a considered a viable option due to the proximity and abundance of 
watersheds and tributaries in the Elk and Flathead River Valleys.
TH E P O TE N T IA L  D ISTU R B A N C E  RE SU LTIN G  FRO M  O VERLAN D  D ISC H A R G E  IN  TH E ELK  
A N D  F L A T H E A D  R IV E R  V A LLE YS
Discharge of methane wastewater in the U.S. disturbs watersheds and adjacent
riparian habitat on multiple levels. As was discussed in Chapter 1, the biological diversity 
of the Elk and Flathead River Valleys exceeds that of any of the producing CBM regions 
in the U.S. Because of this, the implications of introducing methane wastewater into the 
riparian valleys of the East Kootenay are a critical factor to be considered before full- 
scale CBM production takes place in the region. The two primary concerns are the 
increased volumes of water in the receiving watershed and the chemical composition of 
the discharged water. The increased volume of water alters the physical environment of 
the watershed by increasing erosion, sedimentation, temperature, and altering hydrology.
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These physical disturbances have implications for the biota of the receiving watershed, 
particularly for aquatic benthic invertebrates and native fish species.
Methane wastewater changes the chemical composition of the receiving 
watershed. Changes in composition potentially alter water quality, affecting the biota 
that inhabit the watershed, particularly more sensitive species, such as the bull trout. 
Information on the chemical composition of the Flathead River is outlined in a report 
compiled by the Flathead River International Study Board, entitled, "Water Quality 
Criteria Sub-committee Report: Ambient Water Quality Criteria for Selected Variables in 
the Canadian Portion of the Flathead River Basin, British Columbia, Canada" (1995). 
Variables that are addressed in the study that are altered by methane wastewater 
discharge include dissolved oxygen, pH, temperature and concentration of total dissolved 
solids (TDS).
The information in these sections is also compiled from Environmental Impact 
Statements, Assessments, existing data on producing CBM basins, and a Technical 
Report on the potential impacts of the proposed Sage Creek Ltd. coal mine on the 
Transboundary Flathead (BRC FRISB, 1987).
E R O SIO N  A N D  SE D IM E N TA  TIO N
Erosion occurs both alongside and within drainages. The primary cause of erosion
from coalbed methane development is due the increased volume of water in the
watershed. In the U.S., wastewater is collected at a central location and transferred via
pipeline to a discharge point alongside the receiving drainage. As discussed in the
Powder River Basin case study, there are typically 20 wells per discharge point (20
gpm/well) with an average cumulative discharge of 400 gallons per minute (gpm) (1,514
L) In the San Juan Basin, the average well produces 200 gpm. If the wells in the East
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Kootenay produced water at rates similar to those in the SJB, a typical discharge point 
could release water into the receiving drainage at a rate of 4,000 gpm (15,140 L). Based 
on the range of water production rates observed for the CBM basins in the U.S., the 
potential range of discharge volume for the East Kootenay is 400-4,000 gpm (for an 
average of 20 wells per discharge point).
Road construction, upgrading, maintenance and loss of vegetation along stream 
banks also cause erosion. Depending on the extent of erosion and increased volume in the 
drainage, rechannelization of the watershed can occur, which degrades and eliminates 
riparian habitat adjacent to the drainage (Regele and Stark, 2000). Consequences of 
rechannelization include increased sedimentation, and increased water temperature due to 
reduced streambank cover, which exposes fish and amphibian eggs and aquatic 
invertebrates.
Increased deposition of sediments results from erosion and elevated stream flow. 
Sedimentation in a watershed results in increased temperature, turbidity and decrease in 
benthic habitat by filling in the interstitial gravel space. The loss of benthic habitat 
reduces fish and amphibian egg survival by restricting oxygen delivery to incubating 
embryos (Langor, 1980). In the Elk and Flathead Rivers, these disturbances would impact 
the entire watershed but would most significantly degrade the narrow habitat niches of 
the bull trout and benthic invertebrates.
AQ U A TIC  B E N T H IC  IN V E R TE B R A  TES
Researchers often use benthic invertebrates to gauge stream health and
composition. Life history traits that contribute to their suitability as health indicators 
include a sessile mode of life with limited mobility and relatively short life span 
characterized by high reproductive rates (Shepard, 1993). As a result of their limited
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mobility, benthic invertebrates are subject to physical and chemical changes in the 
immediate environment and are therefore good indicators of both acute and chronic 
impacts of discharged wastewater. Benthic invertebrates also constitute the primary food 
source for fish (Weiderholm, 1984). In assessing benthic invertebrates, researchers often 
focus on both the individual family and species level, as well as overall community 
response to changes in the aquatic environment.
According to the Flathead River International Study the Canadian portion of the 
Flathead contains a macroinvertebrate population that is characteristic of clean water 
Rocky Mountain watersheds, and fifty percent of the population is constituted by 
sensitive species that have low thresholds for environmental disturbance (1987). The 
benthic invertebrate community is also distinguished for the diversity of species which 
comprise the population.
Given that the volume and composition of East Kootenay coalbed methane 
wastewater is unknown, impacts to aquatic invertebrates are discussed at a general level 
in terms of known responses to environmental changes in the Flathead watershed. The 
Flathead River International Study concluded that aquatic invertebrate populations are 
negatively impacted by changes in hydrology, that changes in temperature disrupt the 
natural life cycle with respect to the growth and development stages, and that heavy 
metals decrease the abundance and diversity of the invertebrate community (Weiderholm, 
1984).
The most comprehensive study on the impacts of wastewater discharge to the 
assimilating watershed is the Cedar Cove study discussed previously in this chapter. Of 
relevance here are the conclusions that significant decreases in mayfly and caddisfly
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density were observed downstream from the discharge point, and that the decline was 
inversely correlated to the increase in chloride concentrations (up to 600 mg/L) resulting 
from the methane wastewater. Overall, the disturbance from wastewater discharge 
reduced both individual abundance (of mayflies and caddisflies) and community 
diversity. A decrease in these groups would negatively impact the fish species of the East 
Kootenay, particularly the bull trout because they are important food sources for the 
listed species.
B U L L  TRO U T
The disturbance resulting from methane wastewater discharge is of primary 
concern for bull trout survival. The population of the Flathead River is a transboundary 
population and the reproductive success is directly linked to the continued availability of 
spawning habitat in the tributaries of the East Kootenay. They are an adfluvial species, 
and adults migrate from Flathead Lake north across the international border, to seek out 
clear, cold streams that supply continuous oxygen to their eggs (McPhail and Baxter, 
1996). The eggs hatch in the tributaries, many of which are in the East Kootenay, where 
juveniles typically spend three years maturing.
Bull trout are a species characterized by narrow environmental thresholds and one 
in which all stages demonstrate elevated sensitivity to disturbance (Phillips, 1971). 
Embryo survival is affected by temperature, water quality, volume and rate of the flow, 
and the composition of the benthic environment. Juveniles are dependent on the above in 
addition to diversity and abundance of aquatic invertebrates, which constitute their 
primary food source (Weiderholm, 1984). Adult spawning at the headwaters of the 
Flathead tributaries is restricted to a narrow temperature range.
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The Impacts of Reduced Dissolved Oxygen and Change in pH on Bull Trout
Dissolved oxygen (DO) is essential to the survival of all organisms in an aquatic
environment, and each species is characterized by specific individual requirements. 
Rombough (1986) determined that salmonids (e.g. bull trout) are negatively impacted by 
reduced levels of dissolved oxygen, particularly in the embryo and juvenile stages of 
development. The Flathead River International Study on water quality criteria 
recommended DO levels greater than or equal to 8.0 mg/L, "to produce no negative 
effects on fish and other aquatic life, and to minimize the influence of toxicants" (pg vii, 
1995). The Cedar Cove study in Alabama's Black Warrior Basin documented an overall 
reduction in the amount of dissolved oxygen in the produced methane wastewater 
(O'Neil, et. Al., 1991). Specifically, produced water had DO levels ranging from 0-8.0 
mg/L.
The pH measures the concentration of hydrogen ions, or relative acidity of the 
aquatic environment. The pH of a watershed is influenced by the biological oxygen 
demand and the two interact dynamically. An increase in pH can have a negative impact 
on aquatic species when dissolved oxygen levels are reduced (Burkett, 1991). Based on 
the results of the Cedar Cove Study, the methane wastewater of the BWB had an elevated 
pH (increase of 1.9) and reduced dissolved oxygen levels. The Flathead River 
International Study on water quality criteria recommends a change in pH of no greater 
than 0.5 from average monthly levels (1995).
Given the limited information on the composition of methane wastewater in the 
East Kootenay, it is difficult to draw conclusions regarding overall disturbance. Based on 
produced wastewater in the U.S, however, it is known that methane wastewater is 
characterized by increased pH levels, low dissolved oxygen levels and high chloride,
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sodium and bicarbonate concentrations. According to the water quality criteria developed 
by the Flathead River International Study Board (1995), discharge of methane wastewater 
into the Flathead will likely increase the pH levels and concurrently reduce available 
dissolved oxygen. Overall, the primary threat to bull trout resulting from alterations in pH 
and DO content is reduced embryo survival due to decreased availability of oxygen in 
tributaries containing incubating eggs.
The Impacts of Sedimentation and Temperature Change on Bull Trout
Increased erosion and sedimentation in the tributaries of the East Kootenay would
reduce distinct habitat essential to successful bull trout spawning and rearing (FRISB 
BRC, 1987). Although there are no bull trout in the watersheds receiving methane 
wastewater in the US, according to the MT DEIS, “Coalbed methane results in direct 
removal of habitat, habitat degradation from sedimentation and altered spawning and 
seasonal migration...” (2002). Erosion increases the volume of instream sediments, which 
are deposited on streambed gravel and fill in the benthic habitat essential to egg 
incubation, juvenile growth and survival (Weaver and White, 1985, Langer, 1980). 
Specifically, individual survival is reduced due to reduction in the total volume of the 
spawning and rearing pool, loss and displacement of the interstitial gravel habitat and 
concurrent reduction in aquatic invertebrates (Phillips, 1971).
Temperature influences every aspect of the watershed ecosystem, including the 
rate of biological and chemical processes in aquatic species. Specifically, the life stages 
of the bull trout are dependent upon very narrow temperature ranges. Embryo 
development occurs at temperatures of 2-4°C and juvenile development will only take 
place at temperatures below 15°C. Temperature is also correlated to timing of migration 
and spawning and egg incubation rates. According the Flathead International Study
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Board water quality criteria, "a small, but long-term increase in the water temperature in 
important spawning areas could result in the premature emergence of bull trout fry"
(1995, pg 65), Premature emergence could result in increased mortality of fry and an 
overall decline in the transboundary bull trout population. Overall, the water criteria 
study recommended no change in the mean monthly temperature regimes and no 
'instantaneous temperature changes' greater than 2.8°C during any month (1995). 
Temperature increases beyond this would have negative impacts on every life history 
stage of the bull trout.
The Potential Cumulative Disturbance Resulting from Methane Wastewater Discharge 
into the Flathead River
The limited research that has been conducted on the aquatic disturbance resulting
from methane wastewater discharge documents the following: sedimentation, erosion,
and increased flows which alter hydrology, instream and streambank habitat. Changes in
the physical characteristics of the watershed include increases in temperature, salinity,
turbidity (suspended sediments), increases in the pH regime, total dissolved solids (TDS)
and chloride concentrations, and reductions in dissolved oxygen (MTDEIS, 2002, O'Neil,
et. al., 1991). In the receiving watershed, these factors cannot be assessed independently
because they occur concurrently and interact and influence each other. At this time, a
quantitative assessment of the changes to variables such as TDS or sediment would be
speculative. Despite this, given the magnitude of the disturbance associated with coalbed
methane development, it can be concluded that the cumulative impacts of methane
wastewater will alter the Flathead River and its tributaries. The degradation and reduction
of habitat resulting from sedimentation and erosion alone would likely result in reduced
spawning and rearing success of bull trout, and an overall reduction in population
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recruitment from the tributaries of the Flathead north of the International border.
In addition, the introduction of methane wastewater into the watersheds of the 
East Kootenay would favor those species (algae, invertebrate and fish) that are tolerant to 
disturbance. This would result in an overall reduction in diversity and a shift in the biotic 
community towards more tolerant species, as was documented in the Cedar Cove study in 
Alabama. The transformation of the community to more tolerant species would be 
coupled with a decrease in sensitive species, like the caddisflies, mayflies and bull trout.
Finally, the ecological environments of the CBM basins of the U.S. and that of the 
East Kootenay differ significantly. Generally, the contrast is one of an arid climate and 
relatively flat topography versus a moist, temperate climate and structurally complex 
topography with steep, rugged mountains and rolling, riparian valleys of southeastern 
British Columbia. With respect to methane wastewater discharge, the potential resulting 
disturbance is increased for the complex topography of SE BC. According to the MT 
DEIS, the extent of erosion and sedimentation is greatest for areas of wet soil, and runoff 
velocities are significantly increased in steep terrain. Specifically, the report states that, 
“potential for impacts from sediment delivery to drainages may be greatest in 
mountainous terrain”(2002, pg 4-113).
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Chapter 6.
Terrestrial Disturbance Resulting From Coalbed Methane Production in the
United States
INTRODUCTION
In the United States, the issue of methane wastewater has overshadowed the 
terrestrial disturbance resulting from coalbed methane production. The emphasis on 
produced wastewater is partially attributed to the controversy over so-called ‘split-estate’ 
land ownership in the U.S., where the subsurface rights are dispensed independently of 
the surface rights. This has resulted in the construction of entire coalbed methane fields 
on private land, with landowners facing issues of wastewater disposal, with further 
implications for crop irrigation and livestock watering. Because of the private land 
conflicts that have arisen in the US, the human impacts have been emphasized over the 
ecosystem and wildlife impacts of coalbed methane production.
The other reason that wastewater production and management have been 
emphasized is due to the inherent nature of coalbed methane extraction; wastewater is co­
produced with the methane and must therefore be dealt with at the outset of production. 
Disturbance to the ecosystem and wildlife are not so obvious or immediate, and are 
played out on the landscape throughout production and long after a well site or field has 
been abandoned. The imbalance of emphasis is evident in the disproportionate number of 
studies that have been conducted regarding wastewater management versus those on 
ecological and wildlife impacts from infrastructure.
The studies that have been carried out are further limited because of the relatively 
short period of time that full-scale coalbed methane fields have been operating in the US. 
The scarcity of reliable scientific studies and the adolescence of the industry have
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resulted in a deficiency of information regarding the terrestrial disturbance of coalbed 
methane production. This lack of reliable information is significant when contrasted to 
the accelerated pace of the industry. Given that the intent of this paper is to evaluate the 
potential ecological disturbance to southeast British Columbia, an area distinguished by 
its unmatched ecological diversity, terrestrial disturbance is emphasized here.
In order to accurately assess the terrestrial disturbance resulting from coalbed 
methane production, it was necessary to standardize the individual elements of 
disturbance. Quantitative values were compiled from a variety of sources, including 
existing coalbed methane operations and environmental impact statements for basins in 
Alabama, Colorado, Montana, New Mexico and Wyoming. For each stage, the amount of 
disturbance resulting from a single coalbed methane well is given.
INDIRECT VERSUS DIRECT DISTURBANCE
The discussion on terrestrial disturbance is divided into two parts: direct and
indirect. Direct disturbance refers to the actual vegetative cover that is lost due to the 
installment of infrastructure (roads, well sites, compressor stations, power lines and 
pipelines) on the landscape. It is a measure of the actual soil and vegetation destroyed due 
to construction and operation. Direct disturbance is often emphasized in assessing 
impacts because it is finite and restricted to the quantifiable disturbance from 
infrastructure.
Indirect disturbance is less tangible, although analysis of indirect disturbance is 
critical to assessing the overall landscape disturbance associated with coalbed methane 
production. Estimates of indirect disturbance define a radius around the infrastructure that 
is either lost or displaced wildlife habitat, depending on the sensitivity of the species to 
human disturbance. The cumulative area impacted by both indirect and direct disturbance
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represents the level of overall landscape disturbance resulting from coalbed methane 
development.
Part One: Direct Terrestrial Disturbance
RO AD  C O N STR U C TIO N
The encroachment of roads on a previously roadless landscape is perhaps the
single greatest source of disturbance to wildlife habitat. There are multiple impacts from 
roads that occur cumulatively to degrade and destroy habitat. The direct disturbance from 
roads include destruction of vegetation, barriers to movement and wildlife dispersal, 
erosion that occurs along roads resulting in further loss of soil and vegetation, and the 
increased run-off from roads that deposits in drainages (MTDEIS, 2002). The 
proliferation of roads on the landscape also results in direct mortality of wildlife through 
collisions.
Roads are required for every stage of CBM production. They provide access to 
the well site for exploration, construction and maintenance of a well once it is operating, 
and the amount of road required is a function of the terrain on which the road is 
constructed. The indirect disturbances resulting from roads are vast and are discussed in 
subsequent sections, the purpose of this section is to define the amount of direct 
disturbance and mileage of roads required for one operating well.
The types of roads required for CBM operation include two-track, gravel, and 
bladed, and the road lengths that are given are for relatively flat terrain. The increased 
mileage of roads required for steeper terrain is discussed in Chapter 7, where the 
terrestrial disturbance is applied to the East Kootenay region. A consequence of the 
adolescence of the CBM industry in the United States is that innovative disturbance- 
reducing methods such as directional drilling and heli-portable construction have not
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been utilized. For the CBM basins evaluated in this paper, the average length of road 
required for one CBM well is 0.4-0.6 km (0.25-0.37 miles). Assuming 0.5 km (0.3 miles) 
of road per well at 4.0 meters wide (13 feet), the total road disturbance per well is 0.16 
hectares (0.4 acres).
W ELL S IT E S
The standard well pad is 32 x 32 meters (105 x 105 feet) and disturbs 0.1 hectares 
(0.25 acres) (MT DEIS, 2002), In addition to the wellhead, the well site also houses the 
downhole submersible pump used for de-watering the seam, a meter skid, and water-gas 
separator (Montgomery, 1999). The number of exploratory wells is estimated to be 10% 
of the total wells drilled, and are typically drilled within the first five years (MT DEIS, 
2002).
P IP E L IN E S
Upon demonstration that a well produces methane at economically viable levels, 
the construction of pipelines is necessary to bring a well into operation. There are several 
different systems of pipelines required for CBM production. These include utility lines 
(water and electricity) and gas transportation lines. Utility lines are required to transport 
produced wastewater away from the well and provide electricity to the well site. The 
water line disturbance is based on a line that is 4.5 meters (15 foot) wide and 0.3 
kilometers/well (0.2 miles/well) and disturbs 0.14 hectares (0.35 acres). The overhead 
and underground electric lines are 0.24 and 0.32 kilometers (0.15 and 0.20 miles/well), 
respectively and disturb 0.32 and 0.14 hectares (0.20 and 0.35 acres). The total 
disturbance/well resulting from utility line construction is 0.4 hectares (0.9 acres) (MT 
DEIS, 2002),
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C O M P RESSO R STA  TIO N S
The methane gas collected at the well bore exists at a pressure that is too low
(average 101 kPa) to commercially market the gas (Sadler, 1995). In order to raise the 
pressure the gas is transferred via the above described gas lines to field compressor 
stations and then sales compressor stations.
The number of wells that a compressor station can serve depends on the volume 
of gas being generated from each well (MT DEIS, 2002). In the Powder River Basin, 
where the amount of gas produced is low relative to other basins, one compressor station 
a greater volume of gas is produced per well, there are as few as six wells per compressor 
station. The larger the volume of gas compressed at the station, the larger the station and 
area disturbed. In the PRB, a compressor station disturbs approximately 0.7 hectares (1.5 
acres) per well, whereas in the SJB, an average of 2.0 hectares (5.0 acres) (range of 1.2-
3.2 hectares/3-8 acres) is disturbed per well (this includes the battery site on which the 
compressor sits, the gathering and sales lines). The disturbance per compressor station for 
the CBM fields of the US is summarized in table 6-1 below.
Table 6-1. Acres Disturbed Per Compressor Station in the CBM Basins of the United States
CBM FIELD : GILLETTE S. MT DEIS BWB SJB
Wells/Comp. St. 50/1 24/1 17/1 5/1
Dist./Comp. St. 0.6 hectares 
(1.5 acres)
0,2 hectares 
(0.5 acres)
0.2 hectares 
(0.5 acres)
2.0 hectares 
(5.0 acres)
Dist./Well/C. St. 0.01 hectares 
(0.03 acres)
0.03 hectares 
(0.02 acres)
0.01 hectares 
(0.03 acres)
0.4 hectares 
(1.0 acre)
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TO TAL D IST U R B A N C E  P E R  W ELL S IT E
The majority of the EIS’s and EA’s for coalbed methane production include a
value for total disturbance per well. This value includes the drill pad, access roads and
pipeline/gathering lines. For all of the major CBM basins included in this paper, the
average disturbance per well is 1.6 hectares (4.0 acres). Impact studies in the U.S.
typically give disturbance per well and disturbance per well field. A typical well field
includes 200 wells. Table 6-2 gives the average direct disturbance for a producing well
and well field in the United States.
Table 6-2. Direct Disturbance Resulting from CBM well Construction
Parameter Hoads/Well Fipeliiie/WeO 1 Well Site Total
Pist./WeB
Kilometers 0.48 km 0.8 km 0.8 km
(Miles) (0.3 mi) (0.5 mi) (0.5 mi)
Hectares 0.16 ha 0.36 ha 0.10 ha 1.62 ha
(Acres) (0.4 ac) (0.9 ac) (0.25 ac) (4.0 ac)
Km/200 wells 96 km 160 km 160 km
(mi/200 wells) (60 mi) (100 mi) (100 mi)
Ha/200 wells 32 ha 73 ha 20 ha 324 ha
(acres/200 wells) (80 ac) (180 ac) (50 ac) (800 ac)
W ELL D E N S IT Y
The spacing of coalbed methane wells is not regulated and varies greatly between 
the producing basins of the U.S. Well density is important because it determines the 
extent of infrastructure and related roads on the landscape and the overall area 
encompassed by the wellfield. The total area disturbed is a direct function of the number 
and density of wells in a field.
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The baseline reference for spacing is that of conventional oil and gas wells (1 
well/259 hectares, 640 acres), however, this has been reduced for each of the basins 
discussed in this paper. In the U.S., the coalbed methane industry has set well density 
according to the well distribution that achieves the most efficient draining of a given coal 
seam. Efficient draining refers to the de-watering of a coal seam in the least amount of 
time possible in order to begin gas extraction. Greater well density aids in the faster de­
watering of a coal seam (Burkett, 1991).
As a result of the lack of regulations regarding well density and varying rates of 
water and gas production, all of the producing basins in the U.S. have different well 
densities. Coal seams that are characterized by lower pressure require a higher density of 
wells to drain the seam, such as those in the Black Warrior and Powder River Basins. In 
contrast, the San Juan Basin coal seams exist under relatively high pressure and less wells 
are required to achieve de-watering. The range of well distribution for the basins of the 
U.S. is 1 well/27-160 acres or 4-24 wells/mP (see Table 6-3).
Table 6-3. Well density of in the Coalbed Methane Basins of the U.S.
CBM Basin Fowder JRiver Basin Black Warrior Basin San duan Basin
Well Density 1 well/11 hectares 
(I well/27 acres) 
24 wells/mi^
1 well/32 hectares 
1 well/80 acres 
8 wells/mi“
I well/65 hectares 
(I well/160 acres) 
4 wells/mi^
TH E  L IM IT A  TIO N S O F  R E C LAM A TIO N
Reclamation is the final stage of coalbed methane development. As with the
addition of new wells to the landscape, reclamation occurs over a long period of time for
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an entire field, and reclamation of each individual well can take up to twenty years, 
depending on the standards set for recovery of the disturbed area (MT DEIS, 2002). In 
assessing the disturbance resulting from coalbed methane production, it is essential to 
differentiate between reclamation and restoration. According to the MTDEIS, ""the intent 
o f reclamation is to re-establish a vegetative cover on disturbed areas rather than to 
restore native plant communities’" (2002). The restoration of native plant communities is 
usually not feasible because the integrity of the soil is reduced and will not support native 
vegetation. Reclamation practices typically involve reseeding with plants that will rapidly 
colonize a disturbed area. The more diverse the vegetation and complex the plant 
communities, the more difficult it is to reclaim a disturbed area.
Given these limitations of reclamation, the acres that are disturbed by coalbed 
methane experience an overall decrease in native habitat and loss of plant diversity. The 
introduction of noxious weeds perpetuate the loss of native vegetation further, resulting 
in an overall change in vegetative communities. According to the MTDEIS, 40% of the 
impacted areas is permanently disturbed and consequently, reclamation is considered to 
be completed when the remaining 60% of the disturbed area is re-seeded with the 
prescribed vegetation (not necessarily with pre-disturbance species) (2002).
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Part Two; Indirect Terrestrial Disturbance
Indirect disturbance occurs over a greater area than direct disturbance and persists
on the landscape long after a well has stopped producing and is abandoned (MTDEIS, 
2002). There are two types of indirect disturbance relevant to this paper, the additional 
disturbance that occurs around the perimeter of the area directly disturbed by the CBM 
infrastructure, and the human activity that is facilitated by roads. Roads are also vectors 
for noxious weeds, which are introduced on vehicles and thrive in the disturbed soils 
along roads, well pads, pipelines, etc. The greatest disturbance resulting from roads, 
however, is the human access to previously roadless areas (Hart, 2001).
H U M A N  D IST U R B A N C E
Human disturbance accompanies every stage of CBM production. Occupation of
the area begins with the exploratory drilling operations, which entails 7-8 people for
about a week. The following is a list of equipment that is required to complete a drilling
operation: well logging truck, pipe truck, 2-4 water trucks, 2 truck-mounted drill rigs,
backhoe, blade, cement truck, electric generator, 2 large flatbed trailers and a submersible
well pump for withdrawing the water (MT DEIS, 2002). In addition, there are up to 4
personal vehicles for the drilling crew. This amounts to 16-20 vehicles total involved in
exploration. Following the drilling, exploratory well maintenance involves one visit/day
for up to six months while the production of the well is monitored. The loss of wildlife
habitat due to human presence and industrial activity is discussed below.
W ILD LIF E  D ISP L A C E M E N T  ARO U N D  TH E P E R IM E TE R  O F  A  W E L L F IE L D
Research indicates that certain species of wildlife will avoid roaded areas and
areas of increased human activity. In effect, wildlife is displaced from previously suitable
habitat by the construction of roads and subsequent human use. The Montana Department
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of Environmental Quality Statewide Draft Oil and Gas Environmental Impact Statement 
calculates the area of indirect wildlife disturbance for a 0.8 km and 3.2 km (1/2 and 2 
mile) perimeter around a producing well field. The same perimeters are used for this 
analysis (2002) (Table 6-5).
The total area indirectly disturbed is a function of well density, with greater well 
densities resulting in fewer acres disturbed around the perimeter of a well (see Table 6-4). 
The indirect disturbance per well for a given density is extrapolated to account for 200 
producing wells, which is the average size of a CBM field (MT DEIS, 2002). All acres 
disturbance are calculated according to 1.62 ha (4.0 acres) total disturbance per well.
The Montana DEIS values are limited to well densities of 8-24 wells/mi^ In order 
to provide disturbance values for the broadest range of well densities, well spacing of 4 
wells/mi^ is also analyzed. Values could not be directly adapted from the Montana DEIS 
and thus, several assumptions were made in calculating disturbance values within a 1/2 
mile and 2 mile perimeter at well spacing of 4 wells/ mî  (1 well/160 acres). The area of 
indirect disturbance (and wildlife displacement) varies significantly depending on the 
distribution of wells within the well field. For example, the area of indirect disturbance is 
nearly four times greater for a linear well field versus a square well field. In order to 
encompass a range of scenarios, indirect disturbance is calculated for three different 
shapes of well fields. All three potential well fields encompass a total area of 32,000 
acres, or 50 square miles. The calculations are based on the following assumptions;
• There are wells located on the perimeter of the well field
• The corners of the well field are included
• The 1/2 mile and 2 mile perimeters extend out on each side of the well field
The first scenario is based on a square well field (dimensions of 7.07 mi x 7.07
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mi). The additional area of indirect disturbance and wildlife displacement within a 1/2 
mile perimeter is 9,677 acres. Within the 2 mile perimeter, the area of indirect 
disturbance is 46,428 acres. The second scenario is based on a rectangular well field 
(dimensions of 10 mi x 5 mi). The area of indirect disturbance within a 1/2 mile 
perimeter is 10,240 acres, and 48,640 acres within a 2 mile perimeter of the well field.
The final potential scenario calculates indirect disturbance for wells that are distributed in 
a long, narrow strip (dimensions of 50 mi x 1 mi). This scenario is evaluated because test 
well drilled in the East Kootenay Coalfields indicate that the highest methane production 
rates occur in wells that are drilled along major watersheds (Dawson, 1995). Based on 
this, it is likely that wells will be concentrated in the valley bottoms in long, narrow well 
fields. The area of indirect disturbance and wildlife displacement within a 1/2 mile 
perimeter is 33,280 acres, and 140,800 acres for the 2 mile perimeter (Table 6-5).
The displaced species of wildlife are ones that demonstrate increased sensitivity 
to humans and human-related industrial activity. These species have a reduced tolerance 
for these disturbances and as a consequence, are often species that warrant recognition as 
federally threatened or endangered species. In the CBM basins of the U.S., these species 
include sage grouse, black-footed ferret and certain raptors. In the East region, to which 
this data will be applied, sensitive species include large carnivores such as grizzly bears 
and wolves. The large carnivores of the East Kootenay are known to be particularly 
vulnerable to human disturbance and human-caused mortality. For this reason, 
quantification of indirect disturbance is critical to assessing the potential impacts of 
coalbed methane production on the wildlife populations of southeast British Columbia.
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Table 6-4. Direct disturbance and total area affected from CBM production according to 
the range of well densities for the major basins of the United States. Values calculated for a 
producing well field of 200 wells.
Well Density I well/11 ha 
(lwell/27 ac> . 
<24 wells/mi^)
I  welI/32 ha 
(1 well/SOac) 
(B wells/mi^)
I well/65 ha 
(lwdi/160ac) 
<4 wells/«ti^)
Kilometers Direct
Disturbance
(miles)
21.6 km  ̂
(8.3 mi^)
65 km’̂ 
(25 mi )̂
130 km  ̂
(50 mi )̂
Hectares Direct 
Disturbance
324 ha 
(800 acres)
324 ha 
(800 acres)
324 ha 
(800 acres)
Hectares Per Well Field
(acres)
2,185 ha 
(5,400 acres)
6,400 ha 
(16,000 acres)
13,000 ha 
(32,000 acres)
% of Total Area Directly 
Disturbed 15 % 5 % 2.5 %
Table 6-5. Area of indirect disturbance and wildlife displacement within and around a 
CBM well field according to varying well densities (numbers adpated from MT DEIS,
Weil Density I weil/11 fea 
(i weil/27 ac) 
(24 weUs/ mi )̂
i  weli/32 ha 
(i well/80ac> 
(8 wells/mf)
I weil/65 ha 
(1 well/160 acres) 
(4 wells/mi")
Hectares Per Well 2,185 ha 6,400 ha 13,000 ha
Field
(acres)
(5,400 acres) (16,000 acres) (32,000 acres)
Indirect Dist. w/in 1,800 additional 2,800 additional 3,916-13,468
0.8 km (1/2 mile) ha/well field ha/well field additional ha/well
per 200 wells (4,360 acres) (7,040 acres) field
(9,677-33,280 ac)
Indirect Dist. w/in 10,100 additional 14,400 additional 18,789-56,982
3.2 km (2 miles) ha/well field ha/well field additional ha/well
per 200 wells (25,152 acres) (35,840 acres) field
(46,428-140,800
acres)
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Table 6-6. Total area of direct and indirect disturbance per well field resulting from CBM 
production, according to varying well densities
Well Detisity 1 well/H fea 
(1 well/27 ac) 
(24 wells/ mi*)
1 weJl/32 ha 
{1 well/80ae) 
{8 wells/ mf )
1 wciJ/65 ha 
(1 well/160 aeces) 
{4 wells/ mi*) .. ..
Total hectares/well
field
(acres)
2,200 ha 
(5,400 acres)
6,400 ha 
(16,000 acres)
13,000 ha 
(32,000 acres)
Total Dist. w/in 0.8 
km (1/2 mile) per 
200 wells
2,000 total ha 
disturbed/well field 
(5,100 acres)
3,100 total ha 
disturbed/well field 
(7,800 acres)
4,047-13,600 total 
ha disturbed/well 
field (10,000- 
33,600 acres)____
% of the total area 
disturbed for 0.8 
km (1/2 mile) 
perimeter
91 % 48 % 30 -100%
Total Dist. w/in 3.2 
km (2 miles) per 
200 wells
10,500 total ha 
disturbed/well field 
(26,000 acres)
14,700 total ha 
disturbed/well field 
(36,400 acres)
18,900-57,100 total 
ha disturbed/well 
field (46,750- 
141,000)
% of the total area 
disturbed for 3.2 
km (2 mile) 
perimeter
4.7 X the size of the 
well field
2.3 times the size 
of the well field
3.6 - 4.4 X the size 
of the well field
S U M M A R Y  O F  T E R R E STR IA L  D ISTU R B A N C E
The estimates for Tables 6-4, 5, and 6 are derived from disturbance assessments
for the major coalbed methane basins of the United States. Overall, greater well spacing
results in a larger area encompassed by the well field, and a lower percentage of the total
landscape disturbed. In contrast, denser well spacing results in a smaller area per well
field, and a greater percentage of direct disturbance to the total area (Table 6-6). Most
importantly, due to the perimeter of indirect disturbance around a producing coalbed
methane well, all of the wildlife habitat within a producing well field is lost. Habitat
effectiveness is lost within the entire well field regardless of well density.
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Chapter 7.
Potential Landscape-Level Disturbance Resulting From Coalbed Methane 
Production in the East Kootenay Coalfields
INTRODUCTION
This chapter provides numerical values for the potential disturbance resulting 
from commercial production of coalbed methane in the East Kootenay. Two methods 
were used to evaluate the potential area of land disturbed. The first method calculates the 
area of disturbance based on the direct and indirect disturbance values presented in 
Chapter 6. This estimate is derived from known disturbance in CBM basins of the U.S. 
and area of wildlife displacement from a 0.8 and 3.2 km perimeter around producing 
wells.
The second method calculates potential linear disturbance resulting from the 
amount of roads required to construct, operate and maintain a coalbed methane field. The 
linear disturbance estimate gives road densities in kilometers of roads per square 
kilometer of habitat (km/km^), and is based on the known length of road required per one 
CBM well (0.48 km). An additional disturbance estimate is given based on observed 
grizzly bear displacement from roads and habitat adjacent to roads. Finally, the 
implications of road construction for grizzly bears are used to evaluate the potential 
terrestrial disturbance resulting from coalbed methane. This paper focuses on the grizzly 
bear because it is the largest carnivore in the East Kootenay and has both federal (U.S.) 
and provincial (B .C.) status as a species of concern with respect to long-term survival.
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Part One; Assessment of Potential Terrestrial Disturbance Based on the 
Direct and Indirect Disturbance Resulting from Coalbed Methane 
Development
TH E  D E R IV A T IO N  O F  P O TE N TIA L D ISTU R B A N C E  VALUES
The two primary factors that influence the area of terrestrial disturbance are well
density and methane production rates. The influence of well density is outlined in 
Chapter 6. Methane production rates influence the area of disturbance because the flow 
rate of gas determines the amount of wells required to de-gasify a reservoir. There is a 
positive correlation between methane production rates and well density because more 
wells in a given area allow for a coal seam to be de-watered in a shorter period of time. 
The two factors are related in that basins characterized by lower methane production rates 
have higher well densities.
Together, the San Juan and Powder River Basins encompass the known range of 
hydrogeological conditions that can characterize a coal deposit. The San Juan Basin wells 
have the highest gas production rates in the industry. The wells are characterized by a 
relatively low water to gas ratio, which means that less wells are required to produce 
more gas than in the Powder River Basin. This higher gas production rate is reflected in 
the lower density of wells in the region (see Table 7-1). In contrast, the wells of the 
Powder River Basin have a higher water to gas ratio and require more wells to 
economically produce methane than in the SJB. The lower gas production is reflected in 
the higher density of wells in the region, which has the lowest well spacing in the 
industry.
Because the British Columbian government has not yet established a standard for 
well density, potential disturbance values were derived using the minimum and maximum
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spacing values observed in the U.S. The San Juan Basin represents the maximum spacing 
scenario, with a well distribution of 1 well/65 ha (1/160 acres). The Powder River Basin 
represents the minimum spacing scenario at 1 well/11 ha (1/27 acres). Spacing of 
1 well/16-32 ha (1/40-80 acres) is also seen in the PRB, however, 11-hectare spacing is 
used as the minimum to provide the widest range of values. These values can then be 
applied to coalbed methane production in southeast British Columbia, once the well 
distribution is determined (the Black Warrior Basin is excluded because it falls within the 
range of the SJB and PRB).
Table 7-1. Water to gas ratios and respective well densities for the San Juan and Powder 
River Basins (water/gas data adapted from USGS Fact Sheet, 2000)
Basin Ttian Basin IPowder Biver Basin
Water/gas ratio 0.031 (bbl/mcf) 2.75 (bbl/mcf)
Well density 1 well/65 ha 1 well/11 ha
(1 w e ll/160 acres) (1 well/27acres)
In order to delineate the potential level of terrestrial disturbance resulting from 
coalbed methane development in the East Kootenay, disturbance must be calculated for a 
specific number of wells. Given that CBM is in the exploratory stages in the East 
Kootenay, the water and methane production rates for the Elk, Crowsnest and Flathead 
valleys are not available at this time. There is however, a substantial production history 
for the San Juan and Powder River basins, and for the purposes of this paper, the 
minimum and maximum production rates from these basins are analyzed.
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The highest production rates in the industry occur in the well fields of the San 
Juan Basin, with an average production of 600 mcf/day. The lowest production rates 
occur in the Powder River Basin, with an average production of 200 mcf/day. These rates 
correspond to the minimum and maximum well densities discussed previously. As shown 
in Table 7-2, anywhere from 2,000 (SJB) to 10,000 (PRB) wells produce 400 bcf of 
coalbed methane (Gas Research Institute, 1993). The maximum number of wells 
corresponds to the lower production rates of the Powder River Basin, where the wells 
produce significantly more water than gas.
Table 7-2. Production rates for the Powder River and San Juan Basins (data is adapted 
from Gas Research Institute Reports, 1993).
Ba&ia Sa» J»a» Powder River Powder River 
(Adjustfed)
# of Wells 2,000 29 10,000
Methane Produced 400 Bcf 0.9 Bcf 400 Bcf
At this time, the producing wells in the U.S. have withdrawn only a small 
percentage of the total estimated CBM resources. The Powder River Basin currently 
operates the highest number of wells, at 14,500. Recent EIS’s for both the SJB and PRB 
analyze the impacts of 12,500 and 90,000-180,000 wells, respectively. To achieve 
economic viability a minimum of approximately 2,000 wells must be drilled. The goal for 
the coalbed methane industry in the East Kootenay is commercial production and thus, 
for the purposes of this paper, the disturbance resulting from 2,000-10,000 wells is 
calculated. Baseline disturbance estimates will be given for these numbers, and can be 
extrapolated for larger numbers, if necessary.
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P O TE N T IA L  TE R R E STR IA L  D ISTU R B A N C E  TO A R E A  O V E R LA IN  B Y  TH E ELK, CRO W SNEST  
A N D  F LA TH E A D  C O ALFIELD S
The total direct and indirect disturbance resulting from 200 producing wells (the
average size of a well field) was given in Chapter 6. These numbers were then used to
determine the potential disturbance associated with 2,000-10,000 producing wells at the
minimum and maximum densities discussed above (1/65 ha and 1/11 ha). The resulting
area of disturbance is summarized in Tables 7-3 and 7-4 below.
Table 7-3. Total direct and indirect disturbance resulting from 2000 producing wells at 
minimum and maximum well densities.
Well Density 
Number of Wells
Direct Disturbance 
(1.62 ha/well)
Î well/ll ha (1/27 acres)
2000
3,200 ha
1 well/65 ha (1/160 acres)
2000
3,200 ha
Indirect Disturbance w/in 
0.8 km (1/2 mile) perimeter
Indirect Disturbance w/in
3.2 km (2 mile) perimeter
Total Direct and Indirect 
Disturbance (1/2 mile)
Total Direct and Indirect 
Disturbance (2 mile)
Area Encompassed
17,600 ha 
101,700 ha 
20,800 ha
105.000 ha
22.000 ha
37,300 -132,800 ha 
186,800- 566,800 ha
40,500 -136,000 ha 
190,000-570,000 ha
129,000 ha
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Table 7-4. Total direct and indirect disturbance resulting from 10,000 producing wells at 
minimum and maximum well densities.
Well D^skty 1 I welVH ha (i/27 act^s) "
1
1 1 weli/és ha (1 /1^  acres) |
Number of Wells 1 10,000 j 10,000 1
I 1
Direct Disturbance 
(1.6 ha/well)
1 16,000 ha
5
1 16,000 ha 1
Indirect Disturbance w/in 
0.8 km (1/2 mile) perimeter
1 90,000 ha
\
1 186,500-664,000 ha
Indirect Disturbance w/in 
3.2 km (2 mile) perimeter
I 510,000 ha
1
1 934,000 -  2,834,000 ha
Total Indirect and Direct 
Disturbance 0.8 km (1/2 
mile) perimeter
5
1 106,000 ha 
1
1 202,500 680,000 ha
1
Total Direct and Indirect 
Disturbance 3.2 km (2 mile) 
perimeter
1 526,000 ha
1
I 950,000 -  2,850,000 ha
Area Encompassed 1 110,000 ha 1 650,000 ha
TH E  D E RIV A  TIO N  O F  TH E  A R E A  O F  TH E E A S T  KOOTENA Y  C O ALFIELD S
The area approximations for the coalfields of the East Kootenay were estimated
by overlaying geologic maps of the actual coal deposits onto topographic maps of the
East Kootenay region (both at a scale of 1:250,000), The scale on the topographic maps
was then used to estimate the total size of the area which overlies the Flathead, Crowsnest
and Elk Valley coal deposits. In order to estimate the potential landscape-level terrestrial
disturbance to the East Kootenay region, the terrestrial disturbance values given in tables
7-3 and 7-4 are applied to the total area of each of the coalfields where coalbed methane
development would occur.
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The Flathead Coalfield is the smallest of the East Kootenay Coalfields and 
consists of several scattered deposits. The total area overlain by the Flathead deposits is 
approximately 100 km  ̂ (10,000 ha). The Elk Valley Coalfield covers approximately 800 
km" (80,000 ha), and the Crowsnest Coalfield covers approximately 1,300 km  ̂(130,000 
ha). These numbers are estimates because the East Kootenay region is not explicitly 
defined and the land is entirely owned by the Crown, but lacks any specific designations 
(such as Provincial Park), which would provide for a precise definition of the size of the 
region. In addition, the size given for the coalfields includes the entire area overlain by 
coal, including the cirques, ridges and alpine regions. For reasons discussed previously, it 
is probable that the actual CBM infrastructure will be concentrated in the lower elevation 
valleys, resulting in a smaller total area in which production will occur. Given this, the 
potential disturbance estimates presented here are conservative. The total area of the Elk, 
Crowsnest and Flathead valleys is summarized in Table 7-5.
Table 7-5. Approximate area encompassed by the Flathead, Elk Valley and Crowsnest 
Coalfields.
Goalfkld Flathead |
s
Elk Valley : Crow&rteiSt Total
Total km^ 1 Ï00 1
i __________________ __
800 1 1,300 i 2,200 1
!
Tables 7-6,7,8 and 9 give a hypothetical summary of the area directly and 
indirectly disturbed resulting from the installation of 2,000 to 10,000 wells (and 
corresponding infrastructure) in the East Kootenay region. As with previous estimates, 
values are given for the maximum density of 1 well/11 hectares, and the minimum 
density of 1 well/per 65 hectares. The direct disturbance remains the same for both the
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minimum and maximum densities, however the total area encompassed by the well field 
and the indirect disturbance increases by several orders of magnitude for the minimum 
density. The total disturbance includes direct and indirect disturbance and is given as a 
percentage representing the ratio of hectares disturbed to the total hectares of the targeted 
CBM production area.
In Chapter 6, a range of indirect disturbance values was given for a well density 
of 1 well/65 ha. In order to ensure that the disturbance estimates area conservative, the 
minimum value was utilized when applying the values to the East Kootenay Coalfields. 
The indirect disturbance value presented in the tables below for the minimum well 
density represents the indirect wildlife displacement around a square well field. The 
indirect disturbance values are significantly greater for a long, narrow well field with the 
wells arranged in linear strip, such as the distribution along a riparian corridor.
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Table 7-6. Percentage of the total area indirectly and directly disturbed by the potential
development of 2000 coalbed methane wells in the Flathead, Elk Valley and Crowsnest
Coalfields. Numbers calculated at a maximum density of 1 well/11 ha.
Density 1 well/ll ha 
(1/27 acres)
% of 
Flathead
% of the
Elk Valley
% of the 
CfOwsnest
Direct Disturbance 
(1.62 ha/well) 3,200 ha 32 % 4% 2%
Total hectares per 
2,000 wells 22,000 ha 2 X the 
Flathead
28 % 17 %
Total Disturbance 
w/in 0.8 km (1/2 mile) 
perimeter
20,800 ha
2 X the 
size of 
the
Flathead
26 % 16%
Total Disturbance 
w/in 3.2 km (2 mile) 
perimeter
105,000 ha
10 X the 
size of 
the
Flathead
13 X the 
size of the 
Elk Valley
80%
* Direct disturbance for all well densities is calculated according to 1.62 ha (4.0 acres) disturbed/well
* Indirect disturbance at 1 well /11 ha is calculated according to 9 ha (22 acres) and 51 ha (126 acres)
additional disturbance per well for a 0.8 and 3.2 kin perimeter respectively.
* Indirect disturbance at 1 well/65 ha is calculated according to 23 ha (55 acres) and 111 ha (275 acres)
additional disturbance per well for a 0.8 and 3.2 km perimeter respectively.
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Table 7-7. Percentage of the total area indirectly and directly disturbed by the potential
development of 2,000 coalbed methane wells in the Flathead, Elk Valley and Crowsnest
Coalfields. Numbers calculated at a minimum density of 1 well/65 ha.
Wen Density 1 Tvell/6S ha 
{1/160 acres)
% Of 
Flathead
% of the 
Elk Valley :
% of the 
Crowsnest
Direct Disturbance 
(1.62 ha/well)
3,200 ha 32% 4% 2%
Total hectares per 
2,000 wells 130,000 ha
13 X the 
size of the 
Flathead
1.6 X the 
size of the 
Elk Valley
100 %
Total Disturbance 
w/in 0.8 km (1/2 mile) 
perimeter
40,500 ha
4 X the 
size of the 
Flathead
50 % of 
the Elk 
Valley
31 % of 
Crowsnest
Total Disturbance 
w/in 3.2 km (2 mile) 
perimeter
190,000 ha 19 X the 
size of the 
Flathead
2 X the 
size of the 
Elk Valley
1.5 X the 
size of the 
Crowsnest
Table 7-8. Percentage of the total area indirectly and directly disturbed from the potential 
development of 10,000 coalbed methane wells in Flathead, Elk Valley and Crowsnest 
Coalfields. Numbers calculated at the maximum density of 1 well/ll ha.
Well Density. 1 well/11 ha 
(1/27'acres)
% of 
Flathead
% of the
Elk Valley
% of the 
Crowsnest
Direct Disturbance 
(1.6 ha/well)
16,000 ha 1.6 X the size 
of the 
Flathead
20% 12%
Total hectares per 
10,000 wells
110,000 ha 11 X the size 
of the 
Flathead
1.4 X the 
size of the 
Elk Valley
84%
Total Disturbance 
w/in 0.8 km (1/2 
mile) perimeter
106,000 ha 11 X the size 
of the 
Flathead
1.3 X the 
size of the 
Elk Valley
82%
Total Disturbance 
w/in 3.2 km (2 
mile) perimeter
526,000 ha 53 X the size 
of the 
Flathead
7 X the size 
of the Elk 
Valley
4 X the size 
of the 
Crowsnest
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Table 7-9. Percentage of the total area indirectly and directly disturbed from the potential
development of 10,000 coalbed methane wells in the Flathead, Elk Valley and Crowsnest
Coalfields. Numbers calculated at the minimum density of 1 well/65 ha.
Well Density 1 well/65 ha 
(1/160 acres)
% of 
Flathead
% of the 
Elk Valley
% of the
Crowsnest
Direct Disturbance 
(1.6 ha/well)
16,000 ha 1.6 X the 
area of 
Flathead
20 % 12 %
Total hectares per 
10,000 wells
650,000 ha 65 X the 
size of the 
Flathead
8 X the 
size of the 
Elk Valley
5 X the size 
of the 
Crowsnest
Total Disturbance 
w/in 0.8 km (1/2 
mile) perimeter
202,500 ha 20 X the 
size of the 
Flathead
2,5 X the 
size of the 
Elk Valley
1,6 X the 
size of the 
Crowsnest
Total Disturbance 
w/in 3.2 km (2 mile) 
perimeter
950,000 ha 95 X the 
size of the 
Flathead
12 X the 
size of the 
Elk Valley
14 X the 
size of the 
Crowsnest
A R E A  O F  IN D IR E C T  W ILD LIF E  D ISTU R B A N C E  AN D  D ISP LA C E M E N T AROUND THE  
P E R IM E T E R  O F  TH E  W E LLS
A well field containing 2000 wells at 1 well/11 ha encompasses an area of 22,000
hectares (Table 7-6). Relative to the size of the coalfields of the East Kootenay, a well
field of 2,000 wells would occupy 17% of the Crowsnest Coalfield and nearly one third
of the total area of the Elk Valley Coalfield. Based on the area of operating basins in the
U.S., the Flathead coalfield is too small to accommodate 2000 wells at the maximum
density. A total of 2,000 wells encompass an area of 220 km^, which is twice the size of
the Flathead coalfield. Because of this, all disturbance estimates (indirect and direct, 0.8
and 3 .2 km) exceed the size of the Flathead Coalfield (Tables 7-7, 8, 9 and 10). As a
result, the well distribution in the Flathead would have to be closer than 1 well/11 ha to
accommodate 2,000 coalbed methane wells. In addition, at the maximum density,
wildlife is displaced from the entire area overlain by coal.
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To the wildlife that inhabit southeast British Columbia, the East Kootenay is one 
continuous landscape and an important travel corridor. The development of 2,000 wells, 
at the minimum density would displace wildlife from the operating field and also from 
and area up to three times the size of the field. For example, if the Crowsnest coalfield is 
targeted for CBM production, the indirect disturbance could extend to the Elk Valley, 
Flathead Valley in Montana, or the Castle Valley in Alberta, depending on the location of 
the wells.
Construction of 10,000 wells in the East Kootenay region at the maximum density 
encompasses an area that exceeds the individual size of both the Crowsnest and Flathead 
Coalfields. The only coalfield that can accommodate construction of 10,000 wells at the 
maximum density is the Crowsnest. Although the Crowsnest Coalfield is large enough 
for 10,000 wells, a development of that magnitude would dominate the landscape, 
encompassing an area that is 80% of the total coalfield (Table 7-9). Disturbance within 
the 3 .2 km perimeter would extend to an area four times the size of the Crowsnest 
Coalfield.
None of the coalfields of the East Kootenay region can accommodate 10,000 
wells at the maximum density. For example, 10,000 wells at 1 well/65 ha encompass an 
area that is 650,000 hectares (Table 7-10). The largest coalfield, the Crowsnest, is
130,000 hectares, five times smaller than the area encompassed by 10,000 wells. Even 
when the total area of the East Kootenay Coalfields is considered, construction of 10,000 
wells at the maximum density encompasses an area that is five times that of the East 
Kootenay Coalfields.
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The indirect disturbance perimeter is employed in impact statements in the U.S. 
to calculate the area of wildlife displacement for wildlife species that are more vulnerable 
to human disturbance. All of the large carnivores in the East Kootenay have some life 
history characteristics that make them sensitive to humans or human-associated 
industries, particularly at the magnitude and density of full-scale coalbed methane 
development. Calculations for wildlife displacement around the perimeter of a well field 
indicate that construction of as few as 2,000 coalbed methane wells in the East Kootenay 
region would have implications for the Alberta and Montana portions of the Crown of the 
Continent Ecosystem.
The magnitude of the disturbance resulting from coalbed methane production in 
the East Kootenay region is due to the relatively small size of the area. Although the 
coalbed methane estimate for the East Kootenay Coalfields is similar with respect to the 
size of the resource estimates for the basins of the United States, the region is six to 
sixteen times smaller than the San Juan, Black Warrior or Powder River basin (Table 7-
11). The size estimate for the East Kootenay given in Table 7-11 approximates the entire 
area in which the coal deposits lie and represents the greatest length (175 km) and width 
(24 km) for the region. In some places the area overlying the coal deposits narrows to six 
km and the actual coalfields are smaller.
Table 7-10. Comparison of coal basin size and corresponding CBM estimate for the basins 
of the United States and the East Kootenay.
: Basin East Kootenay San doan Btaek Watrior Powder River
Size 4,200 km^ 24,180 km^ 37,440 km^ 67,080 km'̂
CBM estimate ~ 20 Tcf 31 Tcf 20 Tcf 25 Tcf
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In summary, there are two important conclusions regarding the area of wildlife 
displacement occurring around a producing coalbed methane well. First, regardless of 
well density, the habitat effectiveness within the entire area of the well field is lost. In 
other words, based on the minimum indirect disturbance of a 0.8 kilometer area around a 
producing well, wildlife is displaced from the entire area encompassed by the well field. 
The area of wildlife displacement encompasses the area of the well field, regardless of 
well density.
Second, the disturbance resulting from a coalbed methane well field is permanent. 
This is due to the limitations of reclamation discussed previously in Chapter 6. 
Reclamation of a well field entails re-vegetation of the area with disturbance-tolerant 
species. Many of the native pre-production plant species are unable to re-colonize the 
area because of the impacts to soil integrity resulting from the installment and operation 
of infrastructure. Soil function is further reduced in coalbed methane fields due to the 
impacts of methane wastewater, which reduces the ability of a plant to take up water and 
nutrients from the soil (Chapter 5). The introduction of invasive and non-native species 
that accompanies disturbance further limits the effectiveness of reclamation. The 
cumulative effect of these impacts changes the species composition of the plant 
community and reduces the overall habitat diversity.
Given that wildlife displacement occurs within the entire area of the producing 
well field and restoration of a disturbed area is limited, the disturbance resulting from 
coalbed methane production cannot be mitigated for by phasing in production in an area. 
For example, installing and operating wells incrementally on the landscape, rather than 
all at once, still displaces wildlife from the operating well field.
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Part Two: A ssessment of Potential Terrestrial Disturbance Based on the 
Road Densities Resulting from Coalbed Methane Development
The greatest disturbance to wildlife resulting from coalbed methane is roads. Roads
fragment habitat, reduce available habitat, reduce the quality of habitat, disrupt dispersal 
and migration, and directly destroy habitat (MT DEIS, 2002). The consequences for 
wildlife include, disturbance of foraging habitat, increased energy expenditure, increased 
stress, and ensuing decrease in reproductive success, which can lead to overall decline in 
population. In areas which contain habitat that is utilized by sensitive species the 
cumulative impacts of roads and human use can lead to direct loss of otherwise suitable 
habitat. According to the Montana DEIS, “for sensitive species, displacement from 
important habitat is effectively equal to loss of habitat.” (2002, 4-118).
The disturbance resulting from roads is evaluated according to two criteria in this 
section. The first is based on road density thresholds for the listed species of large 
carnivores that inhabit southeast British Columbia. The second is based on grizzly bear 
displacement within 100 m and 250 m from roads. In addition to these criteria, the 
increase in road length is discussed to account for coalbed methane development in the 
steep terrain of the East Kootenay Coalfields.
P O T E N T IA L  RO AD  D E N SIT IE S  R E SU LTIN G  FRO M  C BM  D E V E LO P M E N T IN  TH E E A ST  
KO O TENA Y  C O A LF IE LD S
The potential road densities resulting from coalbed methane development in the
East Kootenay region are presented in Table 7-11. They are based on the length of road
required to access one well in the producing basins of the United States (0.48 km). Road
densities are not calculated for the Flathead Coalfield because it was demonstrated in the
previous section that the area overlain by the Flathead deposits is not large enough to
accommodate even 2,000 coalbed methane wells at the maximum density (see Table 7-6).
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Researchers have established specific thresholds for road densities for species that 
are known to be sensitive to or intolerant of encroachment of roads on otherwise suitable 
habitat. These species include grizzly bears, wolves and elk, all of which inhabit 
southeast British Columbia. Additional species for which specific thresholds have not 
been established, but are know to be sensitive to human presence or industrial activity 
include lynx, wolverine and martens.
Researchers have recommended road density thresholds of 1 km/1.6 km^
(1 mi/mi^ ) for grizzly bears and wolves (May, 1993, Merrill, 1998, Singleton, 1996,).
The reason for the threshold is different for each species. Grizzly bears tend to avoid 
areas with these densities, for wolves, roads increase the incidence of human-caused 
mortality. According to the densities listed in Table 7-11, construction of 2,000 wells in 
the Elk Valley Coalfield would exceed the threshold of grizzly bears and wolves by two 
times. For the Crowsnest Coalfield, road densities resulting from 2,000 coalbed methane 
wells would be at the threshold for these species. Construction of roads for 10,000 
producing wells exceeds grizzly bear and wolf thresholds by a magnitude of four in the 
Crowsnest Coalfield and a magnitude of six in the Elk Valley Coalfield.
The abundance of large carnivores in the East Kootenay region is linked to the 
availability of a diversity and abundance of prey species that inhabit the region (Weaver, 
2001). Several of these prey species are also known to be negatively impacted by the 
encroachment of roads on their habitat, particularly for elk and mule deer in key 
wintering habitat. Lyon (1983) determined that the road density threshold for elk in 
wintering habitat is 1 km road/0.8 km^(2 mi/mi^) of habitat, twice that of grizzly bears 
and wolves. According to the road densities in Table 7-11, the road densities resulting
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from 2,000 CBM wells would be at the threshold of elk in the Elk Valley. Construction of 
roads to access 10,000 wells would exceed elk thresholds by three to five times in the Elk 
Valley and Crowsnest Coalfields. Displacement of elk from wintering habitat would 
place additional stress on the large carnivores of the East Kootenay, resulting in a 
cumulative disturbance of reduced habitat and prey availability.
Table 7-11. Road densities in the Crowsnest and Elk Valley regions resulting from the 
construction of 2,000 and 10,000 wells.
ISÊsBinbçr of Wells Elk VaUey Density
Thresholds
Crowsnest
2,000
1.2 km roads/1 km 1 km/1.6 km 0.7 km roads/1 km
10,0000
6 km roads/ 1 km 1 km/1.6 km 3.7 km roads/1 km
* Kilometers of roads calculated using the value of 0.48 km (0.3 mi) of new access roads per well 
(see chapter 6, table 6-3).
D IST U R B A N C E  R E SU L TING  F R O M  RO AD S B A SE D  O N G RIZZL Y  B E A R  D ISPLACEM ENT  
F R O M  H A B IT A  T 100  A N D  25 0  M E T E R S  FRO M  RO AD S
Over a period of nine years of research conducted on grizzly bears in the Flathead
Valley, McClellan and Shackleton (1988) demonstrated that habitats within 100 meters of
roads were used significantly less than expected in the spring. In the summer and fall,
habitats within 250 meters of roads were used significantly less than expected. In order to
evaluate the disturbance resulting from coalbed methane production based on grizzly bear
displacement from habitat adjacent to roads, the 100 m and 250 m displacement
parameters are applied to known road densities. Based on this assessment, in the spring
(100 meter), roads resulting from 2,000 coalbed methane production will disturb 7 % and
12 % of the total area of the Crowsnest and Elk Valley Coalfields respectively (Table 7-
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12). In the summer and fall (250 meter), roads resulting from the construction of 2,000 
wells will disturb 18 % of the area overlain by the Crowsnest Coalfield and 30 % of the 
total area overlain by the Elk Valley Coalfield.
As with the other terrestrial disturbance assessments, the construction of 10,000 
coalbed methane wells in any of the coalfields of the East Kootenay disturbs the greatest 
area. In the spring, grizzly bears would be displaced from 40% and 60 % of the total area 
overlain by the Crowsnest and Elk Valley Coalfields respectively. The greatest loss of 
grizzly bear habitat due to roads occurs in the summer and fall, in the Crowsnest 
Coalfield grizzlies are displaced from 92 % of the total area overlain by coal and in the 
Elk Valley Coalfield, grizzlies are displaced from the entire area and an additional area 
equal to half the size of the coalfield (400 km^).
Table 7-12. Terrestrial disturbance in spring habitat based on grizzly bear displacement 
from habitat within 100 meters of roads
NumberbfWells. .'. %  ôf the Elk VfUley 
: Disturbed
Crowsnest
2,000 12 % 7%
10,000 60% 37%
Table 7-13. Terrestrial disturbance in summer and fall habitat based on grizzly bear 
displacement from habitat within 250 meters of roads
Number of Wells %  of the Elk Valley 
Disturbed
Crowsnest
2,000 30 % 18%
10,000 1.5 X the area 92 %
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IN C R E A S E  IN  TH E  L E N G T H  O F RO AD S FO R STE E P E R  TE R R A IN
The topography of the East Kootenay region is a barrier to economically feasible
production (Dawson, 2000). The steep terrain in which the coalfields lie is structurally 
complex and not easily accessed, particularly in the Crowsnest Coalfield which has the 
highest CBM resource estimate. The rugged topography of the East Kootenay has 
implications for access to operate and maintain wells in the high elevation areas.
Currently, most of the basins in the United States are characterized by less 
complex topography than that of the East Kootenay. Wells drilled in the higher elevations 
of the East Kootenay will require longer roads to construct and access those wells. Based 
on road engineering guidelines, for slopes between 7-10 %, there is no change in the 
length of the road, however for slopes greater than 10 %, the road length increases by two 
to three times (AASHTO, 1994). In the mountains of the East Kootenay, this would 
increase the length of road required to access one well to 1.0 to 1.4 km (0.6-0.9 miles) of 
road per well.
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Part 3; The Ecological Implications of Coalbed Methane Production for the 
Grizzly Bear Population of the East Kootenay Region
The grizzly bear {Ursus arctos) is the largest carnivore in the East Kootenay and
is emphasized in this report for two reasons. First, the grizzly bear is the most studied 
carnivore in southeast British Columbia, allowing for the most solid conclusions 
regarding disturbance. Second, the grizzly bear is characterized as an umbrella species. 
They have late maturation and comparatively low reproductive rates, and are a far- 
ranging species with male home ranges up to 2,500 km  ̂(800 mi^) (Craighead and 
Mitchell, 1982). In using the grizzly bear as an umbrella species researchers infer that 
impacts to grizzly bears will also affect the entire ecosystems they inhabit, including 
other species of interest within that ecosystem.
The grizzly bear is threatened in the U.S. and blue-listed as ‘Vulnerable’ in 
British Columbia. Both of the listings are in recognition of the declining populations of 
grizzly bears, although the implications of each differ significantly. The individual 
grizzlies that inhabit the East Kootenay region are part of a larger transboundary 
population that is defined by the Northern Continental Divide Ecosystem (NCDE). The 
NCDE extends into Montana, Alberta and British Columbia, and the Flathead Valley of 
southeast B.C. is a reproductive source for this population (Merrill, 1998). Populations 
across the inter-provincial border and south of the international border rely on dispersing 
individuals from the East Kootenay.
The source function of the Flathead is important because the NCDE is one of six 
populations of grizzly bears remaining in the United States, and one of two populations 
numbering greater than 100 individuals. Because of their relative scarcity all of the 
grizzly populations in the U.S. are in danger of becoming isolated and current research
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suggests that the long-term viability of grizzly bears in the United States is dependent 
upon functional connectivity to populations in Canada (Horesji, 1995, Weaver, 2001), 
Southeastern British Columbia is particularly important because it has the highest density 
of non-coastal grizzly bears (up to .08 bears/km^ ) in southern British Columbia 
(McLellan, 1988). The Elk Valley has densities of >.05 bears/ km^
G R IZ Z L Y  B E A R  M O R T A L IT Y  A N D  R O A D S
Researchers have determined that the primary factor contributing to grizzly bear
mortality is roads. (Mattson, 1995, USFWS, 1993), The presence of roads in grizzly bear 
habitat increase grizzly mortality in the following ways; first, through direct mortality by 
increasing access to hunters and poachers, and through facilitating incidences of grizzly- 
human conflict. Second through displacement from otherwise suitable habitat, third 
through habituation to humans, and last through fragmenting contiguous habitat into 
road-separated islands.
The estimates of disturbance resulting from roads indicate that the construction of
2,000 wells in the East Kootenay would either equal or exceed the road density threshold 
of grizzly bears. Displacement by roads from 2,000 wells occurs in up to 12% of the 
coalfields. Disturbance estimates for 10,000 wells for both road density thresholds and 
displacement data exceed the thresholds of grizzly bears by several orders of magnitude. 
Road densities increase to four to six times known thresholds of 1 km/1.6 km , and 
displacement occurs over 92 % to three times the area of the coalfields.
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W O LVES
Wolves are emphasized here because they are also federally listed in the U.S. and 
because declining numbers are attributed to increased mortality resulting from roads. Of 
all the large carnivores that inhabit the East Kootenay, wolves have experienced the 
longest and most intense history of persecution. Historically, management of wolves has 
translated into full-scale eradication. Up to 90% of wolf mortality is caused by humans, 
and the presence of wolves in southeast British Columbia can be directly attributed to the 
absence of human settlement in the valleys (Weaver, 2001). The diversity and abundance 
of ungulate prey species in the East Kootenay also favors wolves. The rich riparian areas 
provide key game wintering habitat, and studies have demonstrated that wolves select for 
the valley bottoms, according to prey availability (May, 1993, Singleton, 1996).
Wolves have the same road density thresholds as bears, and thus, 2,000 producing 
wells in the East Kootenay would be at or exceed the threshold of wolves. Given the 
extreme vulnerability of wolves to human-caused mortality, exceeding their threshold for 
roads would threaten the ability of the wolf population to provide dispersers to threatened 
populations and the overall persistence of wolves in the East Kootenay.
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Conclusion
This paper provides a preliminary look at the implications of flill-field coalbed 
methane development in southeast British Columbia. Based on the disturbance estimates 
in Chapter 7, coalbed methane production in the East Kootenay would alter the landscape 
permanently. The estimates also indicate that the disturbance will have significant 
consequences for the large carnivore populations that inhabit the region.
The impact of full-field development on the large carnivore populations of the 
East Kootenay is influenced by several factors. These include the density of the 
infrastructure required to produce coalbed methane, the indirect wildlife displacement 
around the perimeter of a well field, the amount of roads and the human disturbance they 
facilitate, the lack of regulations governing the methane industry, the conflicting 
management of the transboundary carnivore populations, and the small size of the East 
Kootenay relative to area of land required to commercially produce coalbed methane.
The significance of each of these factors to the long-term viability of transboundary 
carnivore populations is summarized below.
TH E  L A N D  B A S E  REQ U IRED  FO R CO M M ERCIAL PRO DU CTION O F COALBED M E TH A N E
The most significant characteristic that distinguishes coalbed methane production
is the volume of wastewater inherent to production. The necessity of draining the coal 
seam to produce gas has created an industry that demands a large land base to achieve 
commercial production. In the producing basins of the U.S., the coal deposits underlie 
vast areas of land. For example, the basins analyzed in this paper range from 25,000 to
67,000 km ,̂ five to fifteen times the size of the East Kootenay. As was demonstrated in 
Chapter 7, the smaller area of the East Kootenay results in a greater percentage of the 
total landscape disturbed, which translates into a greater area of habitat loss to the
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wildlife o f the region.
TH E IM PLIC A TIO NS O F  C O ALBED  M E T H A N E  W E LLS IN  R IP A R IA N  A R E A S
Test wells drilled in the East Kootenay thus far indicate that the topographical
constraints of the region will dictate the drilling of wells in the Elk and Flathead River
Valleys. The most significant constraint is the hydrogeological influence of the water
table on gas production rates. As was discussed in Chapter 3, wells that were not drilled
to a depth below the water table did not release methane at viable rates. Because of this,
petroleum geologists recommended that to achieve commercial production, wells should
be drilled to a depth below the major rivers in order to penetrate below the water table.
To achieve this depth most efficiently, wells would be concentrated along the Elk and
Flathead Rivers. Concentration of wells in the riparian areas would also be more
economically and technically feasible than drilling in the mountainous terrain.
If southeast British Columbia is a critical area for wildlife, the riparian areas 
within are the most critical. They are natural travel corridors and key habitat for all of the 
wildlife species of the East Kootenay. They are of particular importance to grizzly bears 
because of the rich food source along the valley bottoms in the spring and fall. Riparian 
areas also provide important wintering habitat for the species of ungulates in the East 
Kootenay. According to many researchers, the density and abundance of wildlife in 
southeast British Columbia is directly attributed to the availability of riparian areas that 
remain virtually undisturbed by humans and related industry. Regardless of whether all 
coalbed methane wells are concentrated in the riparian areas, the topography of the region 
dictates that infrastructure will be located in the river valleys. Access will be the easiest 
there, and roads often follow valley bottoms for engineering simplicity. The construction 
of roads and increased human access in the riparian areas of the East Kootenay would
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have negative implications for all of the wildlife of the region as a result of direct loss of 
habitat and the convergence of human industry and wildlife in the river valleys.
TH E  IN TRO D U C TIO N  A N D  SU ST E N A N C E  O F  H U M A N  A C T IV IT Y
One of the greatest consequences of road construction in the East Kootenay is the
human disturbance facilitated by roads. In addition to wildlife displacement due to human
presence, roads increase the likelihood of mortality to large carnivores and game, due to
increased access. Essentially, once the roads are in place and the wells are in production,
the region is accessible for non-CBM related activity, including recreation, hunting and
poaching. For a region distinguished for the relative absence of permanent human
settlement, the increase in human access from coalbed methane roads presents a direct
mortality threat to the wildlife of the East Kootenay.
TH E  IM P L IC A  TIO N S O F  CO ALBED  M E T H A N E  PRO D U CTIO N FO R TRANSBO U ND ARY LARG E  
C A R N IV O R E S
The East Kootenay contains several species that fall under the classification of 
‘red’ or ‘blue-listed’ in British Columbia, and threatened or endangered in the United 
States. The presence of just one of these species would be an important consideration for 
long-term management, but in the East Kootenay, all of these large carnivores are 
assembled in one region. The provincial and federal listings of these species are in 
recognition of vulnerability to human disturbance and potentially declining populations. 
Each species has a decreased tolerance for impacts resulting from human activity, 
whether they are biologically or socially inflicted. Decreasing populations of these 
species are associated with increases in road densities in important habitat (grizzly bears 
and wolves), avoidance of areas of high human activity (lynx, wolverine, grizzly bears) 
and vulnerability to human-caused mortality (wolves and grizzly bears). As large 
carnivores they have comparatively low reproductive rates and are vulnerable to isolation
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and bottlenecks when reduced to low numbers as they currently are in the United States 
and southwest Alberta.
The discrepancies between federal and provincial status have negative 
implications for the region’s transboundary large carnivore populations. This is 
particularly true with respect to coalbed methane development. In the U.S., much of 
industrial regulations are based on considerations for species that are listed under the 
Endangered Species Act. For example, well location is subject to stipulations such as 'No 
Surface Occupancy' in habitat that is critical for listed species, which includes watersheds 
and adjacent riparian areas. There is no equivalent to the ESA in British Columbia 
despite the fact the several of the species listed in the U.S. regularly cross the 
international border between northern Montana and the East Kootenay region. As a 
result, there are currently no regulations governing the coalbed methane industry 
regarding the vulnerability of the large carnivore populations to disturbance.
The lack of protective legislation is especially critical with respect to the source 
function of southeast British Columbia. The presence and abundance of these large 
carnivores in the East Kootenay is significant because of the proximity to areas where 
populations are known to be decreasing. The East Kootenay region, and especially the 
Flathead Valley is a highly reproductive source population of large carnivores for 
southwest Alberta and the United States. It is thought that the long-term persistence of 
these populations is dependent on connectivity to larger populations in Canada. If the 
long-term persistence of these species is desired, it is essential that southeast British 
Columbia continue to function as a source of dispersers to surrounding areas.
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In a recent publication on the Transboundary Flathead, Weaver (2001) makes 
several prescriptions for ensuring the long-term survival of the region’s large carnivores. 
Among his recommendations are maintaining the riparian areas as a food source, 
securing both predator and prey species from excessive mortality and maintaining 
connectivity to surrounding areas. The magnitude of the disturbance resulting from 
coalbed methane development and the increased human access to the region violates all 
of these recommendations. Based on road densities alone, the construction of 2,000 wells 
in the Crowsnest Coalfield would be at the threshold of grizzly bears and wolves. Any 
development over 2,000 wells exceed the thresholds of these species.
In summary, the disturbance estimates presented in this paper indicate that 
management of the East Kootenay for methane production and management for large 
carnivore populations are incompatible. This is due to the magnitude of the disturbance 
that results from coalbed methane production and the vulnerability of large carnivores to 
human industrial disturbance. It is also a product of the relatively small size of the East 
Kootenay region, which is dwarfed by the producing basins of the United States.
The East Kootenay is an ecological treasure that contains a unique mosaic of 
ecosystems and predator species. The consequences of full-field coalbed methane 
development will only be verified after production takes place in the region. This is 
particularly true for the coalbed methane industry because it is a new industry and 
information on the long-term ecological impacts is not available. Because coalbed 
methane is an adolescent industry, production in the East Kootenay would be an 
unparalleled experiment on the landscape, and on the transboundary populations of large 
carnivores that are critical to decreasing populations in the United States. Roads,
111
infrastructure and humans will encroach on the riparian areas, and potentially the entire 
region, decreasing the availability of this habitat to the carnivores and their species of 
prey. At the very minimum, wells would be producing on the landscape from twenty to 
forty years. The magnitude and density of the infrastructure introduced to the landscape 
over that period of time, would introduce irreversible changes to the landscape and alter 
the very qualities that the region is distinguished for, particularly the attributes of the 
region that sustain the transboundary large carnivore populations.
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APPENDIX
TABLE OF METRIC CONVERSIONS
Multiply inch-pound units By To obtain SI units
feet (ft) 
miles (mi)
Length
30
1.6
centimeters 
kilometers (km)
square miles (mi‘) 
acres
Area
2.6
0.4047
square kilometers (km^) 
hectares (ha)
gallons (gal) 
cubic feet (ft^) 
acre-feet
Volume
3.8
0.28
1233
Liters (L) 
cubic meters (m )̂ 
cubic meters (m ")
cubic feet per second (cfs) 
gallons per minute (gpm)
Flow
28.3
0.063
Liters per second (L/s) 
Liters per second (L/s)
tons (short)
Mass
0.907 metric tons (tonnes)
1 barrel = 42 gallons 
100 ha — 1 km" 
km X 0.6 -  mi 
km^ X 0.4 = mi"
Other
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